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EXECUTIVE  SUMMARY 


The  Federal  Aviation  Administration  (FAA)  William  J.  Hughes  Technical  Center  is  conducting  a 
series  of  video  landing  parameter  surveys  at  high-activity  commercial  airports  to  acquire  a  better 
understanding  of  typical  landing  contact  conditions  for  a  wide  variety  of  aircraft  and  airports  as 
they  relate  to  current  aircraft  design  criteria  and  practices. 

This  is  the  second  of  a  series  of  landing  parameter  surveys.  This  report  documents  the  results 
from  a  survey  at  Washington  National  Airport  (DCA),  performed  in  June  1995.  The  initial 
survey  was  conducted  at  John  F.  Kennedy  International  Airport  (JFK)  in  Jime  1994.  At 
Washington  National  Airport,  four  video  cameras  were  temporarily  installed  along  the  east  side 
of  runway  36.  Video  images  of  532  transports  (525  narrow-body  jet  transports,  and  7  commuter 
jet  aircraft)  were  captured,  analyzed,  and  the  results  presented  herein.  Landing  parameters 
presented  include  siiik  rate;  approach  speed;  touchdown  pitch,  roll,  and  yaw  angles;  off-center 
distance;  and  the  touchdown  distance  from  the  runway  threshold.  Wind  and  weather  conditions 
were  also  recorded  and  landing  weights  were  available  for  most  landings.  Since  this  program  is 
only  concerned  with  overall  statistical  usage  information,  all  data  were  processed  and  are 
presented  without  regard  to  the  airline  or  flight  number. 

This  survey  has  reinforced  the  findings  from  the  JFK  survey  concerning  the  landing  impact 
parameters  of  narrow-body  jet  aircraft.  The  results  from  these  two  surveys  differ  substantially 
from  aircraft  sink  speeds  reported  35  years  ago  during  National  Aeronautics  and  Space 
Administration  (NASA)  surveys.  No  other  efforts  to  collect  operational  landing  data  were 
performed  by  either  the  FAA  or  NASA  in  the  interim. 
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1.  INTRODUCTION. 


In  an  effort  to  better  understand  and  document  the  actual  operational  environment  of  commercial 
jet  transport  aircraft  landing  impact  conditions,  the  Federal  Aviation  Administration  (FAA) 
William  J.  Hughes  Technical  Center  initiated  a  series  of  aircraft  video  landing  parameter  surve)^ 
at  high-activity  commercial  airports.  By  collecting  and  analyzing  large  quantities  of  video  data 
for  a  wide  variety  of  aircraft,  the  original  design  criteria  and  fatigue-life  estimates  for  aircraft 
landing  gear  and  support  structures  can  be  assessed  and  verified.  This  operational  data  will  also 
aid  in  developing  design  requirements  for  future  jet  transports. 

The  use  of  image  data  to  evaluate  the  landing  performance  of  aircraft  has  been  used  since  jet 
aircraft  were  introduced.  In  1947  [1],  the  US  Navy  first  developed  a  system  to  characterize  the 
typical  carrier  landing  environment  and  implemented  procedures  to  make  carrier  arrested 
landings  safer.  The  Navy  system  acquired  aircraft  landing  and  approach  data  from  the  tracking 
and  analysis  of  recorded  16-mm  film  images  of  the  arrestment.  In  1954,  the  National 
Aeronautics  and  Space  Administration  (NASA)  developed  a  similar  system  using  a  35-nim 
camera  and  conducted  a  number  of  surveys  of  commercial  airplanes,  the  last  ones  in  1959  [2-7]. 
The  difference  between  the  two  systems  was  that  the  Navy  photographed  from  a  head-on  aspect 
along  the  runway  apron,  while  NASA’s  camera  was  positioned  perpendicular  to  the  runway, 
approximately  900  feet  from  the  runway  center  line. 

In  1967,  the  Na\^  enhanced  its  system  by  replacing  the  16-mm  cameras  with  70-mm  cameras. 
This  provided  considerably  greater  image  resolution  and  consequently  greater  accuracy  [8]. 
Using  this  system,  the  Navy  conducted  over  40  landing  parameter  surveys.  However,  the  data 
reduction  phase  of  the  research  was  labor  intensive  and  limited  the  number  of  surveys  which 
could  be  conducted.  The  search  for  a  new  improved  system  was  concluded  in  1992  when  the 
Navy  successfully  developed  and  implemented  a  system  that  uses  adaptive  video  imaging  and 
tracking  technology  for  their  surveys.  The  performance  and  accuracy  of  this  system  is 
documented  in  references  9  and  10.  Shortly  thereafter,  the  FAA  and  the  Navy  established  an 
interagency  agreement  to  transition  this  newly  developed  video  technology  to  commercial 
operations  [11]. 

Preliminary  results  from  this  work  were  presented  at  the  1995  ICAF  Symposium  [12],  the  1995 
FAA  Airports  Conference  [13],  the  1995  International  Society  of  Air  Safety  Investigators 
Conference  [14],  and  the  1995  USAF  ASP  Conference  [15]. 

The  objectives  of  the  FAA  landing  parameter  survey  program  are  to  acquire  large  amounts  of 
typical  transport  operational  data  to  (1)  validate  and  update  NASA  TN  D  4529  which  was 
derived  from  usage  data  measured  during  the  1950s,  (2)  to  provide  detailed  characterization  of 
typical  transport  airplane  landing  velocities  and  angular  displacements,  and  (3)  to  determine  if 
there  is  a  trend  towards  higher  sink  rates  at  higher  gross  weights. 

The  first  of  the  FAA’s  commercial  aircraft  video  landing  surveys  was  conducted  in  1994  at  John 
F.  Kennedy  International  Airport  (PK),  runway  13L,  in  New  York  to  collect  large  quantities  of 
wide-body  j  et  aircraft  data  [16]. 
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The  second  survey  performed  at  Washington  National  Airport  collected  landing  parameters  for 
flight  operations  using  a  shorter  runway.  The  principle  runway  (runway  36)  at  Washington 
National  Airport  is  7000  ft  long  and  cannot  handle  aircraft  larger  than  the  Airbus  A-320  and  the 
Boeing  757.  In  addition,  since  prior  NASA  surveys  collected  only  data  from  narrow-body  B-707 
and  DC-8  airplanes,  this  would  allow  a  comparison  with  the  previous  NASA  results.  Data  from 
this  survey  should  be  useftil  in  the  design  and  certification  of  narrow-body  transport  aircraft. 

Video  images  of  aircraft  landing  on  runway  36  were  recorded  by  a  series  of  four  cameras 
temporarily  installed  on  the  edge  of  the  runway.  Rimway  36  was  selected  for  this  survey  since  it 
is  the  only  runway  at  Washington  National  Airport  equipped  with  an  Instrument  Landing  System 
(ILS).  The  data  were  collected  on  runway  36  over  a  2-week  period  in  June  1995.  These  video 
images  were  stored  on  an  optical  disk  recorder,  processed,  and  analyzed  at  the  Naval  Air  Warfare 
Center,  and  the  resulting  landing  parameter  information  was  forwarded  to  the  William  J.  Hughes 
Technical  Center. 

Since  the  primary  goal  of  this  survey  was  to  collect  statistical  information  on  actual  operations, 
the  identity  of  individual  aircraft,  airlines,  flight  numbers,  and  dates  were  purposefully  omitted 
from  this  report.  Aircraft  landing  performance  was  analyzed  only  on  the  basis  of  aircraft 
category,  model,  type,  and  wind  conditions. 

2.  SYSTEM  DESCRIPTION. 

Modem  developments  in  video  technology  have  permitted  the  Navy  to  transition  its  landing 
parameter  data  analysis  system  from  using  photographic  film  to  one  using  video  technology.  The 
Navy  video  system  is  known  as  the  Naval  Aircraft  Approach  and  Landing  Data  Acquisition 
System  (NAALDAS).  The  system  consists  of  a  high-resolution  frame  grab  video  camera,  a  laser 
disk  recorder,  and  a  computer  control  unit.  The  key  to  the  NAALDAS  system  is  a  highly 
modified  video  camera.  The  camera’s  enhanced  vertical  resolution  (double  that  of  standard 
video  formats)  permits  highly  accurate  measurement  and  tracking  of  aircraft  position  data.  The 
camera  is  supported  by  an  image  analysis  system  using  image  processing  technology.  Particular 
image  features  (landing  gear  wheels,  wing  tips,  flaps,  or  engine  inlets)  are  tracked  in  successive 
images,  and  this  information  is  used  to  determine  the  relative  motion  of  the  aircraft.  The 
combination  of  camera  resolution  and  image  processing  technology  permits  the  location  of  image 
features  to  be  determined  within  0.1  pixel.  This  technique  is  as  accurate,  but  more  efficient  than 
the  Navy’s  previously  used  70-mm  film  system. 

NAALDAS  was  designed  to  cover  the  restricted  touchdown  area  on  an  aircraft  carrier  using  a 
single  camera.  To  support  the  commercial  application,  the  FAA  funded  the  design  and 
development  of  a  modified,  multiple-camera  configuration  of  NAALDAS  using  four  video 
cameras  located  along  the  edge  of  the  runway.  The  images  from  these  cameras  are  recorded 
sequentially  as  the  aircraft  passes  through  their  field  of  view.  This  modification  expands  the 
system  coverage  area  to  approximately  2000  ft  along  the  anticipated  touchdown  region  of  the 
runway.  Fiber-optic  signal  cables  are  used  to  eliminate  interference  and  line  losses  between  the 
cameras  and  the  recording  station.  The  modified  configuration  of  NAALDAS  was  successfully 
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tested  in  February  1994  at  the  William  J.  Hughes  Technical  Center,  Atlantic  City  International 
Airport  (ACY),  New  Jersey.  Figure  1  shows  a  camera  in  operation  on  a  commercial  runway. 


FIGURE  1.  VIDEO  CAMERA  IN  OPERATION  DURING  COMMERCIAL  LANDING 

PARAMETER  SURVEY 


The  video  cameras  are  installed  on  the  edge  of  the  runway,  usually  facing  toward  the  approaching 
aircraft.  The  cameras  are  located  approximately  475  feet  apart,  starting  800  feet  from  the  end  of 
the  runway,  and  usually  located  in  line  with  the  runway  edge  lights,  which  at  Washington 
National  Airport  are  approximately  110ft  off  the  runway  center  line.  The  camera  is  aimed  at  the 
center  of  the  targeted  touchdown  area.  The  camera’s  aim  is  fixed  and  does  not  track  the  aircraft. 
Figure  2  is  a  schematic  of  the  multiple  camera  configuration.  Because  of  the  location  of  a 
runway  intersection  1750  feet  firom  the  runway  36  threshold  at  Washington  National  Airport,  one 
camera  was  oriented  toward  the  runway  1 8  end  and  recorded  data  firom  a  rear  view  of  the  aircraft. 
Less  than  20  landings  firom  this  survey  were  processed  fi-om  this  rear  view  camera. 

The  NAALDAS  video  cameras  have  a  fixed  field  of  view.  Each  camera  is  aligned  and  calibrated 
against  temporary  alignment  targets  which  are  placed  on  the  runway  for  that  pmpose.  These 
targets  are  placed  in  surveyed  locations,  and  the  target  images  are  recorded  as  a  calibration 
sequence.  This  sequence  is  processed  to  generate  a  transformation  matrix  to  relate  image 
measurements  to  the  runway. 

The  NAALDAS  data  reeording  system  is  operated  fi-om  a  vehicle  parked  in  a  safe  location  near 
the  touchdown  region  of  the  survey  runway.  Judicious  selection  of  this  parking  location  is 
required  to  prevent  any  interference  with  airport  operations.  At  Washington  National  Airport, 
this  location  was  350  ft  from  the  runway  center  line.  Temporary  cabling  is  run  from  the  vehicle 
to  the  cameras  and  the  vehicle  remains  in  the  chosen  location  during  flight  operations.  The 
system  is  powered  entirely  with  portable  electrical  generators.  Currently  NAALDAS  is  limited 
to  coverage  of  one  end  of  a  runway  and  cannot  be  relocated  to  accommodate  runway  changes. 


3 


This  restriction  exists  since  the  cameras  must  be  precisely  aimed  and  recalibrated  if  they  are 
relocated,  which  requires  the  runway  be  closed. 


FIGURE  2.  FAA  LANDING  LOADS  CAMERA  SETUP 

The  aircraft  image  is  captured  on  an  optical  laser  disk  recorder  for  subsequent  analysis  on  the 
NAALDAS  analysis  system  work  station.  Approximately  60  landings  can  be  stored  on  a  disk. 
An  identity  number  is  assigned  to  the  disk,  and  event  numbers  are  assigned  to  each  video 
sequence.  The  use  of  video  disks  eliminates  film  processing  cost  and  time. 

Image  enhancement  and  automatic  data  point  tracking  are  performed  using  the  analysis  work 
station.  This  provides  position  time  information  of  image  features  on  the  aircraft.  Each 
individual  airplane  landing  is  also  identified  by  model  type  and  serial  number  so  that  the 
necessary  physical  dimensions  and  geometric  locations  can  be  correlated  with  the  time-tracked 
video  images.  The  software  data  reduction  system  then  derives  the  landing  impact  parameters, 
i.e.,  sinking  speed,  horizontal  velocity,  bank  angle,  crab  angle,  etc. 

The  analysis  station  consists  of  a  Sim  computer  work  station  with  an  image  processing  board, 
laser  disk  player,  computer  monitor,  high-resolution  monitor,  and  associated  power  regulator  and 
cables.  The  station  operator  automatically  tracks  the  video  image  features  during  the  landing 
sequence.  By  positioning  windows  over  the  desired  image  feature,  the  operator  prepares  the 
system  to  track  that  feature  through  the  entire  sequence.  Multiple-image  features  can  be  tracked 
simultaneously  using  multiple  windows.  The  operator  has  the  capability  to  select  image 
threshold  levels,  image  enhancement  formats,  and  algorithms.  The  operator  can  also  select  the 
type  of  tracking  (edge  or  centroid)  to  be  used.  These  selections  allow  the  system  to  automatically 
track  the  image,  eliminating  the  errors  in  data  reduction  which  were  inherent  in  the  manual 
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tracking  procedures  used  with  the  70-mm  film  system.  The  centroid  tracking  algorithm  enables 
the  system  to  locate  image  features  with  subpixel  accuracy. 

Once  the  image  sequence  is  tracked,  the  pixel  information  is  transformed,  digitized,  and  entered 
into  the  landing  parameter  analysis  software.  This  software  takes  image  position  information, 
determines  the  change  in  image  feature  position  of  successive  frames  at  a  rate  of  30  frames  per 
second,  and  generates  position  time  curves  for  the  feature. 

In  addition  to  the  video  images,  from  which  the  ground  contact  parameters  are  derived,  other  data 
describing  each  landing  are  collected  during  the  video  survey  to  determine  which  set  of 
geometric  data  to  use  in  the  analysis.  An  anemometer,  temporarily  installed  near  the  survey  site, 
collected  wind  speed  and  direction  for  each  landing.  An  estimate  of  the  aircraft’s  touchdown 
landing  weight  was  provided  by  the  aircraft  operators. 

3.  DISCUSSION. 

3. 1  WASHINGTON  NATIONAL  AIRPORT  DATA  SUMMARY. 

Video  images  from  a  total  of  532  landings  from  the  survey  at  Washington  National  Airport 
(DCA)  were  processed.  A  total  of  525  jet  transport  aircraft  landings  were  analyzed,  along  with 
seven  landings  of  the  Canadair  Regional  Jet  transport. 

The  video  landing  survey  data  acquisition  equipment  was  installed  on  the  east  side  of  runway  36, 
a  150-foot- wide,  7,000-foot-long  runway.  This  runway  was  selected  after  reviewing  historical 
landing  runway  operations  data  and  determining  that  suitable  camera  positions  were  available. 
Once  the  survey  cameras  are  installed  and  calibrated,  they  cannot  be  moved  to  adjust  to  changes 
in  operation  caused  by  wind  shifts.  During  much  of  the  survey  the  winds  frequently  favored 
operations  on  the  other  end  of  the  runway.  However,  since  runway  36  was  the  only  Washington 
National  Airport  runway  equipped  with  an  ILS  for  operations  in  low-visibility  conditions, 
landings  were  performed  on  runway  36  even  with  adverse  wind  conditions. 

Although  there  were  a  significant  number  of  commuter  aircraft  landings  at  the  airport,  a 
statistically  significant  number  of  commuter  landings  were  not  recorded.  The  airports  other  two 
runways  were  used  solely  for  commuters.  The  commuter  terminal  at  Washington  National 
Airport  is  located  at  the  North  End  of  the  terminal  complex.  Commuter  aircraft  landing  on 
runway  36  would  descend  to  within  a  few  feet  of  touchdown  and  then  maintain  that  altitude  until 
beyond  the  coverage  area  of  our  cameras.  We  believe  this  was  done  to  reduce  the  time  needed  to 
taxi  to  the  terminal.  Similarly,  since  the  main  terminal  is  located  at  the  center  of  the  terminal 
complex,  there  was  an  incentive  for  the  jet  transports  to  touchdown  as  close  as  practical  to  the 
runway  threshold  to  exit  the  runway  as  near  as  possible  to  the  terminal.  This  may  contribute  to 
the  sink  speed  distribution  observed. 

The  analysis  of  image  data  provides  the  aircraft’s  closure  speed  with  respect  to  the  camera.  The 
reported  value  of  approach  speed  is  the  sum  of  closure  speed  and  the  component  of  wind  parallel 
to  the  center  line  of  the  runway.  The  wind  speed  and  direction  information  measured  using  an 
anemometer  situated  near  the  touchdown  location  was  used  to  calculate  the  approach  speed. 
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Landing  parameters  for  525  narrow-body  transports  and  7  commuter  jet  landings  were  calculated 
using  the  procedures  described  in  references  8  and  10.  Table  1  summarizes  the  primary  landing 
parameters  for  the  ten  model  types  covered  in  this  survey.  The  table  provides  the  mean  and 
standard  deviation  and  the  number  of  observations  for  selected  landing  parameters.  More 
detailed  summaries  are  provided  in  appendix  A.  Scatter  plots  of  aircraft  sink  speed  versus 
landing  weight  and  approach  speed  versus  landing  weight  are  presented  in  figures  3  and  4.  The 
values  of  landing  parameters  determined  for  individual  landings  in  the  survey  are  provided  in 
appendix  B.  Landing  parameter  survey  definitions  in  appendix  C  provide  an  explanation  of  the 
symbols  and  definition  of  parameters  used  in  this  report. 

TABLET  SLFRVEY  PARAMETER  COMPARISON  BY  AIRCRAFT  MODEL 


NARROW-BODY  JET  1 

[RANSPORTS 

Aircraft 

Model 

Number 

of 

Events 

Closure 

Speed 

Approach 

Speed 

Sink 

Speed 

Pitch 

Angle 

Roll 

Angle 

Yaw 

Angle 

Runway 

Off- 

Center 

Distance 

A-320 

26 

Mean 

135.4 

137.4 

3.07 

6.63 

-1.3 

-4.19 

1.81 

Std.  Dev. 

9.47 

9.02 

2.22 

1.13 

2.75 

4.91 

5.65 

B-727 

106 

Mean 

137.3 

139.4 

2.33 

5.31 

-0.38 

-3.38 

3.37 

Std.  Dev. 

11.01 

10.98 

1.82 

1.43 

2.89 

4.71 

5.62 

B-737-100 

120 

Mean 

137.3 

139.5 

2.2 

5.36 

-0.77 

-2.28 

3.79 

Std.  Dev. 

10.34 

10.12 

moi 

1.8 

2.82 

4.28 

WBBmi 

B-737-300 

Mean 

141 

142.9 

mm 

5.91 

-1.71 

-4.44 

Bl^B 

Std.  Dev. 

12.2 

12.4 

1.59 

1.55 

2.32 

4.71 

7.01 

B-757 

60 

Mean 

129.3 

131.5 

2.56 

-3.03 

3.73 

Std.  Dev. 

8.16 

7.48 

mm 

1.12 

2.52 

4.71 

6.66 

DC-9 

70 

Mean 

132.5 

134.8 

4.88 

-1.19 

-2.25 

4.33 

wm 

Std.  Dev. 

9.89 

9.42 

■n 

2.27 

4.91 

4.42 

F-28 

Mean 

121 

123 

IBM 

bb 

-2.83 

-0.93 

2.0 

IHI 

iBBil 

■H 

n 

1.98 

5.77 

8.79 

1.63 

F-lOO 

jjjjllllQQH 

123.2 

mm 

4.11 

-0.97 

m 

4.43 

Std.  Dev. 

15.09 

15.1 

1.55 

0.8 

4.06 

5.32 

118 

Mean 

n 

2.57 

warn 

-3.78 

Std.  Dev. 

H 

1.57 

H 

3.99 

5.22 

REGIONAL  JET  TRANSPORTS 

Canadair  RJ 

wm 

Mean 

128 

129.8 

3.62 

3.21 

-1.17 

-3.29 

2.14 

Std.  Dev. 

15.7 

15.43 

2.16 

2.27 

2.37 

5.77 

3.27 

6 


Approach  Speed  (knots) 


50000  70000  90000  110000  130000  150000  170000  190000 


Landing  Weight  (lbs) 

FIGURE  3.  AVERAGE  MAIN  WHEEL  SINK  SPEED  VERSUS  LANDING  WEIGHT,  ALL 

JET  TRANSPORTS 
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FIGURE  4.  APPROACH  SPEED  VERSUS  LANDING  WEIGHT,  ALL  JET  TRANSPORTS 
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3.2  COMPARISON  OF  WASHINGTON  NATIONAL  AIRPORT  RESULTS  WITH  JOHN  F. 
KENNEDY  TJFK't  INTERNATIONAL  AIRPORT  RESULTS. 


A  comparison  of  the  results  obtained  from  this  survey  and  the  previous  results  obtained  at  the 
John  F.  Kennedy  Intemational  Airport  (JFK)  in  New  York  is  presented  in  table  2.  The  number  of 
aircraft  models  available  for  direct  comparison  is  somewhat  limited  since  the  survey  at 
Washington  National  Airport  did  not  include  any  wide-body  jets,  which  were  one  of  the  primary 
areas  of  interest  for  the  JFK  Intemational  Airport  survey.  In  addition,  no  A-320  landings  were 
recorded  at  JFK.  This  left  five  narrow-body  jet  models  for  comparison,  although  the  number  of 
Boeing  737  aircraft  recorded  at  JFK  was  extremely  small. 


TABLE  2.  COMPARISON  OF  LANDING  SURVEY  RESULTS 


John  F. 
Airport 

Kennedy 

Survey 

Aircraft 

Model 

Average 
Sink  Speed 
Summary 

Boeing 

727 

Mean 

139.4 

2.33 

139.7 

2.25 

Standard  Deviation 

10.98 

1.82 

7.75 

1.53 

106 

106 

84 

84 

Boeing 

757 

Mean 

131.5 

2.56 

130.5 

2.01 

Standard  Deviation 

7.48 

1.82 

10.27 

1.46 

60 

60 

79 

79 

DC-9 

Mean 

134.8 

2.43 

138.2 

2.22 

Standard  Deviation 

9.42 

1.5 

9.37 

1.85 

70 

70 

42 

42 

MD-80 

Mean 

139.4 

2.57 

137.2 

2.11 

Standard  Deviation 

10.14 

1.57 

11.09 

1.56 

118 

118 

36 

36 

The  sample  size  for  any  one  model  type  is  not  sufficient  to  conduct  any  meaningful  comparison 
or  draw  conclusions  regarding  the  sink  rate  and  approach  velocity  of  each  aircraft  model.  The 
apparent  differences  in  mean  values  and  standard  deviation  of  table  2  may  result  from  the 
difference  in  mnway  length  (9000  ft  at  JFK  and  7000  ft  at  Washington  National)  and  approach 
patterns  at  the  two  airports. 

An  imexpected  number  of  high  sink  speed  landings  were  observed  during  this  survey.  While 
aircraft  sink  speeds  of  10  ft/sec  are  frequently  observed  during  carrier  operations,  it  was 
anticipated  that  landings  in  excess  of  4  ft/sec  would  be  rather  rare  in  commercial  operations.  The 
results  of  this  survey  have  identified  103  landings  (almost  20%)  which  had  sink  speeds  of  4  ft/sec 
or  more  and  3  landings  were  between  8  and  9  ft/sec.  In  comparison,  90  landings  with  sink 
speeds  in  excess  of  4  ft/sec  were  measured  during  the  JFK  Intemational  Airport  survey  (15%). 
The  JFK  smvey  measured  six  landings  in  excess  of  8.0  ft/sec,  four  narrow-  and  two  wide-body 
jets.  The  design  limit  descent  velocity  for  commercial  transports  is  10  ft/sec  [17],  and 
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14  CFR  25,  Aeronautics  and  Space,  Airworthiness  Standards:  Transport  Category  Airplanes, 
considers  this  a  once  per  lifetime  event.  The  14  CFR  25  does  not  specify  a  sink  speed  frequency 
distribution.  The  military  specification  MIL-A-8866  for  similar  aircraft  assumes  a  10-ft/sec 
landing  occurs  once  every  2000  landings  and  a  9-ft/sec  landing  once  every  1000  landings. 

Figure  5  provides  a  histogram  of  the  sink  speed  distribution  recorded  during  this  survey. 


Sink  Speed  (ft/sec) 

FIGURE  5.  fflSTOGRAM  OF  JET  TRANSPORT  AIRCRAFT  SINK  SPEED,  WASHINGTON 

NATIONAL  AIRPORT  SURVEY 

Since  there  is  no  equivalent  commercial  specification,  the  observed  sink  speed  distributions  from 
the  Washington  National  Airport  and  JFK  International  Airport  surveys  were  compared  with  the 
distributions  from  MIL-A-8866.  Commercial  manufacturers  estimate  the  anticipated  usage  of  the 
aircraft  during  the  airplanes  design  phase.  Figure  6  is  a  plot  of  the  probability  that  an  aircraft’s 
sink  speed  would  reach  a  particular  value.  The  military  specifications  are  identified  as  the  MIL- 
A-8866  curve.  Separate  curves  are  included  for  narrow-body  aircraft  from  the  Washington 
National  Airport  and  JFK  International  Airport  surveys. 

3.3  COMPARISON  WITH  PRIOR  NASA  RESULTS. 

The  early  NASA  photographic  landing  surveys  [3-6]  were  conducted  in  the  late  1950’s  and  early 
1960’s  to  determine  whether  a  significant  difference  existed  between  the  sink  rates  of  narrow- 
body  jet  airplanes  and  piston  engine  transports.  These  studies  determined  that  the  jet  airplanes 
did  have  sink  speeds  greater  than  the  piston  transports,  however  since  these  values  averaged  well 
below  2  ft/sec,  the  continued  use  of  a  10-ft/sec  design  value  was  considered  to  be  appropriate. 

The  data  collected  in  the  JFK  International  Airport  and  Washington  National  Airport  surveys 
show  sink  rates  considerably  greater  than  those  from  the  prior  NASA  research.  These  new 
findings  are  of  considerable  concern  to  both  the  FAA  and  industry,  so  much  so  that  a  joint  FAA 
and  industry  research  team  has  been  established  to  independently  check  system  accuracy  and  to 
determine  the  exact  cause  of  these  differences. 
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FIGURE  6.  PROBABILITY  DISTRIBUTION  OF  FAA  LANDING  SURVEY 

SINK  SPEED  COMPARISON 


4.  CONCLUDING  REMARKS. 

This  research  is  part  of  a  continuing  effort  to  conduct  a  series  of  landing  parameter  surveys 

intended  to  assess  current  design  and  regulatory  requirements  for  aircraft  landing  gear  and 

support  structure.  Results  of  this  survey  are  as  follows. 

•  The  video  landing  data  acquisition  system  has  been  shown  to  be  a  practical,  cost-effective 
technique  for  collecting  large  quantities  of  typical  landing  parameter  data  at  a  major 
commercial  airport. 

•  The  survey  results  have  been  consistent,  the  two  surveys  demonstrated  comparable  results 
for  similar  aircraft  models. 

•  The  sink  speed  distributions  resulting  from  these  FAA  surveys  are  greater  than  those 
found  in  previous  NASA  work.  The  volume  and  intensity  of  current  flight  operations 
may  contribute  to  this  variation. 

•  Due  to  the  dispersion  of  landing  parameters,  an  analysis  of  weather  effects  on  landing 
parameters  should  be  imdertaken  during  subsequent  surveys. 

•  Additional  survey  data  are  needed  to  properly  assess  current  regulatory  requirements. 
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APPENDIX  A— STATISTICAL  DATA  FOR  FAA  LANDING  PARAMETERS  SURVEY 
DATA  SUMMARY  BY  MODEL  AT  WASHINGTON  NATIONAL  AIRPORT 


AIRCRAFT  MODEL  AIRBUS  A-320 


Parameter 

Mean 

Value 

Standard 

Deviation 

Measurement 

Units 

Number  of 
Landings 

Sinking  Speed:  Port  Wheel 

Starboard  Wheel 

2.84 

2.24 

ft/sec 

26 

3.19 

2.3 

ft/sec 

26 

Average  of  Main  Wheels 

3.07 

2.22 

ft/sec 

26 

Closure  Speed  (Measured  to  Camera)  , 

135.4 

9.47 

knots 

26 

Approach  Speed 

137.4 

9.02 

knots 

26 

Wind  Speed:  Parallel  Component 

Perpendicular  Component 

2.08 

2.69 

knots 

26 

5.23 

3.38 

knots 

26 

Pitch  Angle  at  Touchdown 

6.63 

1.13 

26 

Roll  Angle  at  Touchdown 

-1.3 

2.75 

26 

Yaw  Angle  at  Touchdown 

-4.19 

4.91 

26 

Calculated  Glide  Slope  Angle 

0.77 

0.55 

26 

Distance  From  Touchdown  to  Runway 
Threshold 

1099 

218 

feet 

26 

Off  Center  Distance  at  Touchdown 

1.81 

5.65 

feet 

26 

Aircraft  Reported  Landing  Weight 

126669 

7221 

pounds 

24 

AIRCRAFT  MODEL  BOEING  727 


Parameter 

Mean 

Value 

Standard 

Deviation 

Measurement 

Units 

Number  of 
Landings 

Sinking  Speed:  Port  Wheel 

Starboard  Wheel 

2.2 

2.03 

ft/sec 

106 

2.45 

1.91 

ft/sec 

106 

Average  of  Main  Wheels 

2.33 

1.82 

ft/sec 

106 

Closure  Speed  (Measured  to  Camera) 

137.2 

11.01 

knots 

106 

Approach  Speed 

139.4 

10.98 

knots 

106 

Wind  Speed:  Parallel  Component 

Perpendicular  Component 

2.18 

2.58 

knots 

106 

5.43 

3.27 

knots 

106 

Pitch  Angle  at  Touchdown 

5.31 

1.43 

106 

Roll  Angle  at  Touchdown 

-0.38 

2.89 

106 

Yaw  Angle  at  Touchdown 

-3.38 

4.71 

106 

Calculated  Glide  Slope  Angle 

0.58 

0.47 

106 

Distance  From  Touchdown  to  Runway 
Threshold 

1192 

306 

feet 

106 

Off  Center  Distance  at  Touchdown 

3.37 

5.62 

feet 

106 

Aircraft  Reported  Landing  Weight 

140857 

9096 

71 

A-1 


AIRCRAFT  MODEL  BOEING  737-100/200 


Parameter 

Mean 

Value 

Standard 

Deviation 

Measurement 

Units 

Number  of 
Landings 

Sinking  Speed:  Port  Wheel 

Starboard  Wheel 

2.02 

1.58 

ft/sec 

120 

2.23 

1.71 

ft/sec 

120 

Average  of  Main  Wheels 

2.2 

1.54 

ft/sec 

120 

Closure  Speed  (Measured  to  Camera) 

137.3 

10.34 

knots 

120 

Approach  Speed 

139.5 

10.12 

knots 

120 

Wind  Speed:  Parallel  Component 

Perpendicular  Component 

2.23 

2.54 

knots 

120 

6.18 

3.54 

knots 

120 

Pitch  Angie  at  Touchdown 

5.36 

1.8 

120 

Roll  Angle  at  Touchdown 

-0.77 

2.82 

120 

Yaw  Angie  at  Touchdown 

-2.28 

4.28 

120 

Calculated  Glide  Slope  Angle 

0.55 

0.38 

120 

Distance  From  Touchdown  to  Runway 
Threshold 

1104 

198 

feet 

120 

Off  Center  Distance  at  Touchdown 

3.79 

4.02 

feet 

120 

Aircraft  Reported  Landing  Weight 

101696 

8657 

pounds 

97 

AIRCRAFT  MODEL  BOEING  737-300/400/500 


Parameter 

Mean 

Value 

Standard 

Deviation 

Measurement 

Units 

Number  of 
Landings 

Sinking  Speed:  Port  Wheel 

Starboard  Wheel 

2.65 

1.75 

ft/sec 

8 

2.91 

1.57 

ft/sec 

8 

Average  of  Main  Wheels 

2.82 

1.59 

ft/sec 

8 

Closure  Speed  (Measured  to  Camera) 

141 

12.2 

knots 

8 

Approach  Speed 

142.9 

12.4 

knots 

8 

Wind  Speed:  Parallel  Component 

Perpendicular  Component 

1.99 

2.96 

knots 

8 

4.25 

3.65 

knots 

8 

Pitch  Angle  at  Touchdown 

5.91 

1.55 

8 

Roil  Angle  at  Touchdown 

-1.71 

2.32 

8 

Yaw  Angle  at  Touchdown 

-4.44 

4.71 

8 

Calculated  Glide  Slope  Angle 

0.71 

0.45 

8 

Distance  From  Touchdown  to  Runway 
Threshold 

1273 

459 

feet 

8 

Off  Center  Distance  at  Touchdown 

0.25 

7.01 

feet 

8 

Aircraft  Reported  Landing  Weight 

107556 

6808 

HsmSESilB 

5 

AIRCRAFT  MODEL  BOEING  757 


Parameter 

Mean 

Value 

Standard 

Deviation 

Measurement 

Units 

Number  of 
Landings 

Sinking  Speed:  Port  Wheel 

Starboard  Wheel 

2.34 

1.94 

ft/sec 

60 

2.74 

1.99 

ft/sec 

60 

Average  of  Main  Wheels 

2.56 

1.82 

ft/sec 

60 

Closure  Speed  (Measured  to  Camera) 

129.3 

8.16 

knots 

60 

Approach  Speed 

131.5 

7.48 

knots 

60 

Wind  Speed:  Parallel  Component 

Perpendicular  Component 

2.21 

2.13 

knots 

60 

5.45 

3.16 

knots 

60 

Pitch  Angle  at  Touchdown 

6.2 

1.12 

60 

Roll  Angle  at  Touchdown 

-0.8 

2.52 

60 

Yaw  Angle  at  Touchdown 

-3.03 

4.71 

60 

Calculated  Glide  Slope  Angle 

0.67 

0.47 

60 

Distance  From  Touchdown  to  Runway 
Threshold 

1144 

296 

feet 

60 

Off  Center  Distance  at  Touchdown 

3.73 

6.66 

feet 

60 

Aircraft  Reported  Landing  Weight 

175306 

7614 

53 

AIRCRAFT  MODEL  CANADAIR  REGIONAL  JET 


Parameter 

Mean 

Value 

Standard 

Deviation 

Measurement 

Units 

Number  of 
Landings 

Sinking  Speed:  Port  Wheel 

Starboard  Wheel 

3.24 

2.12 

ft/sec 

7 

3.6 

2.1 

ft/sec 

7 

Average  of  Main  Wheels 

3.62 

2.16 

ft/sec 

7 

Closure  Speed  (Measured  to  Camera) 

128 

15.71 

knots 

7 

Approach  Speed 

129.8 

15.43 

knots 

7 

Wind  Speed:  Parallel  Component 

Perpendicular  Component 

1.87 

2.08 

knots 

7 

6 

1.41 

knots 

7 

Pitch  Angle  at  Touchdown 

3.21 

2.27 

7 

Roll  Angle  at  Touchdown 

-1.17 

2.37 

7 

Yaw  Angle  at  Touchdown 

-3.29 

5.77 

7 

Calculated  Glide  Slope  Angle 

0.95 

0.49 

7 

Distance  From  Touchdown  to  Runway 
Threshold 

987 

231 

feet 

7 

Off  Center  Distance  at  Touchdown 

2.14 

3.27 

feet 

7 

Aircraft  Reported  Landing  Weight 

pounds 

A-3 


AIRCRAFT  MODEL  McDONNELL  DOUGLAS  DC-9 


Parameter 

Mean 

Value 

Standard 

Deviation 

Measurement 

Units 

Number  of 
Landings 

Sinking  Speed:  Port  Wheel 

2.45 

1.74 

ft/sec 

70 

Starboard  Wheel 

2.36 

1.53 

ft/sec 

70 

Average  of  Main  Wheels 

2.43 

1.5 

ft/sec 

70 

Closure  Speed  (Measured  to  Camera) 

132.5 

9.89 

knots 

70 

Approach  Speed 

134.8 

9.42 

knots 

70 

Wind  Speed:  Parallel  Component 

2.35 

2.27 

knots 

70 

Perpendicular  Component 

6.47 

3.31 

knots 

70 

Pitch  Angle  at  Touchdown 

4.88 

1.19 

70 

Roll  Angle  at  Touchdown 

-1.19 

2.27 

70 

Yaw  Angle  at  Touchdown 

-2.25 

4.91 

70 

Calculated  Glide  Slope  Angle 

0.62 

0.37 

70 

Distance  From  Touchdown  to  Runway 
Threshold 

1111 

194 

feet 

70 

Off  Center  Distance  at  Touchdown 

4.33 

4.42 

feet 

70 

Aircraft  Reported  Landing  Weight 

90197 

13713 

59 

AIRCRAFT  MODEL  FOKKER  F-28 


Parameter 

Mean 

Value 

Standard 

Deviation 

Measurement 

Units 

Number  of 
Landings 

Sinking  Speed:  Port  Wheel 

2.59 

0.89 

ft/sec 

3 

Starboard  Wheel 

1.89 

1.33 

ft/sec 

3 

Average  of  Main  Wheels 

2.54 

1.12 

ft/sec 

3 

Closure  Speed  (Measured  to  Camera) 

121 

3.02 

knots 

3 

Approach  Speed 

123 

3.91 

knots 

3 

Wind  Speed:  Parallel  Component 

1.96 

1.46 

knots 

3 

Perpendicular  Component 

7.5 

1 

knots 

3 

Pitch  Angle  at  Touchdown 

5 

1.98 

3 

Roll  Angle  at  Touchdown 

-0.9 

3.43 

3 

Yaw  Angle  at  Touchdown 

-0.93 

8.79 

3 

Calculated  Glide  Slope  Angle 

0.71 

0.32 

3 

Distance  From  Touchdown  to  Runway 
Threshold 

986 

204 

feet 

3 

Off  Center  Distance  at  Touchdown 

2 

1.63 

feet 

3 

Aircraft  Reported  Landing  Weight 

59763 

1167 

2 

A-4 


AIRCRAFT  MODEL  FOKKER  F-100 


Parameter 

Mean 

Value 

Standard 

Deviation 

Measurement 

Units 

Number  of 
Landings 

Sinking  Speed:  Port  Wheel 

Starboard  Wheel 

2.19 

1.62 

ft/sec 

14 

2.42 

1.59 

ft/sec 

14 

Average  of  Main  Wheels 

2.31 

1.55 

ft/sec 

14 

Closure  Speed  (Measured  to  Camera) 

123.2 

15.09 

knots 

14 

Approach  Speed 

125.5 

15.1 

knots 

14 

Wind  Speed:  Parallel  Component 

Perpendicular  Component 

2.36 

1.97 

knots 

14 

5.64 

3.79 

knots 

14 

Pitch  Angle  at  Touchdown 

4.11 

0.8 

14 

Roll  Angle  at  Touchdown 

-2.01 

2.3 

14 

Yaw  Angle  at  Touchdown 

-2.09 

5.12 

14 

Calculated  Glide  Slope  Angle 

0.67 

0.49 

14 

Distance  From  Touchdown  to  Runway 
Threshold 

1060 

242 

feet 

14 

Off  Center  Distance  at  Touchdown 

4.43 

5.33 

feet 

14 

Aircraft  Reported  Landing  Weight 

79496 

4636 

pounds 

14 

AIRCRAFT  MODEL  McDONNELL  DOUGLAS  MD-80 


Parameter 

Mean 

Value 

Standard 

Deviation 

Measurement 

Units 

Number  of 
Landings 

Sinking  Speed:  Port  Wheel 

Starboard  Wheel 

2.55 

1.7 

ft/sec 

118 

2.58 

1.62 

ft/sec 

118 

Average  of  Main  Wheels 

2.57 

1.57 

ft/sec 

118 

Closure  Speed  (Measured  to  Camera) 

137.2 

10.33 

knots 

118 

Approach  Speed 

139.4 

10.14 

knots 

118 

Wind  Speed:  Parallel  Component 

Perpendicular  Component 

2.2 

2.47 

knots 

118 

5.81 

3.04 

knots 

118 

Pitch  Angle  at  Touchdown 

5.3 

1.4 

118 

Roll  Angle  at  Touchdown 

-1.08 

2.36 

118 

Yaw  Angle  at  Touchdown 

-3.78 

5.22 

118 

Calculated  Glide  Slope  Angle 

0.64 

0.38 

118 

Distance  From  Touchdown  to  Runway 
Threshold 

1147 

231 

feet 

118 

Off  Center  Distance  at  Touchdown 

2.86 

4.39 

feet 

118 

Aircraft  Reported  Landing  Weight 

114094 

10824 

97 
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LANDING  DATA  MODEL  AIRBUS  A-320  AIRCRAFT 
FAA  SURVEY  WASHINGTON  NATIONAL  AIRPORT 


APPENDIX  B— LISTING  OF  INDIVIDUAL  AIRCRAFT  LANDING  PARAMETERS 
BY  MODEL,  FAA  SURVEY  AT  WASHINGTON  NATIONAL  AIRPORT 
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LANDING  DATA  MODEL  BOEING  727-200  AIRCRAFT  (Continued) 
FAA  SURVEY  WASHINGTON  NATIONAL  AIRPORT 


Wind 

Perp. 

(knots) 

00  05  C00)00r-«*r^C0'^l000CD00'^tf5OOO^^'^^T“CNCMC0'7'*~^'^^^^O0> 

Wind 

Pan 

(knots) 

cococoooincDr-ioiO’^inioco'^’^incM^o-^T-o^-t-T-cMCM^o^^'^^coY 

Yaw 

Angle 

TD 

(degree) 

C4  <D  ^  ^  r-  o  G  'T-  CO  t>-  ^  T-  C4  cq  <O  io  a>  ^ 

’r^9^c^ic^il9^^$2c^T^’7d^^«)^:)C^‘^r)co;I'^‘Y^29c^dc^id«;>oc)v^coTtrYcr) 

Roii 

Angie 

TD 

(degree) 

cooCNPcoco<ooo>‘*^i^o>f^oooot^oqcMpT-r^inT“-«tco<^co^^co05qcM®^cMio 

^d'7<NT-'x-^coT-^d'7T-^c>w?csiiodpdf)id^c^dcsiT-:'7xr‘9'*"'t^’«~^OT-‘ 

Pitch 

Angie 

TD 

(degree) 

0)T-^incocqiqpcvjT-;iqpT-^c>jqcoinT-^cvjppT-;iqc3>’^qKiqcO'^h-cMcMOCM<\i 

TriocoTrcD'^irir^iodcDcdcdr^-^iricvicDr^iood'^r^iddddioioidr^r^odd'^ 

Giide 

Slope 

Angie 

TD 

(degree) 

'^qq-^Trqqx“T-;CN-^'^CNJcoocNh^’^cor^cDT-cMcoooioioooooT~cMich^coio 

T-^ddd-r^ddddddd'r-^dT^ddddddddddd'T^-r^dT-^-r-^d'r-^dd 

Runway 

Off 

Center 

(ft) 

Ramp  to 
TD 

Distance 

(ft) 

^COCOCNJ,s^CMO)-^<DOO>CO^OO^O)^COlOCDCOOOOO'^u-j'«-OcrtO>lf>'^^^l'-.CO 

gcoiocHj::cMWSoocococoSo>gr^S^*^'*“^OM-'^gr^’^ScMocj)2?3coco 

gT-OCNjSJCMCO'^t^OT-T-gcogcMgcO'^CNJ^T-^CDgoogcNJOOSSc^CNl 

Weight 

(lbs) 

149209 

123282 

140385 

145860 

149509 

142080 

145104 

148648 

145702 

146467 

129857 

138000 

146677 

141271 

138750 

133879 

139761 

107521 

124500 

140000 

145721 

143399 

143220 

136344 

131083  1 

Sinking  Speed  at 
Touchdown 

li 

qr^qq'^qqqqqh-qi^csioc3>i^(Dqx-;coioo^in-«-T-cMcoo)ocoocMv- 

id'r-^CO'r^lOdCNidddT-^'r^-^’r-^Tj^dCNiT-^-r^COCNid-r^-r-^COCsi-^r^CO-^lOT^r^T-^Csi 

Sa¬ 
co  ^ 
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O  Q. 

a,  S 

^«.qq^qqqqT~qr^qqcDCMOco^ncoc^^<o-t-colOCO^r^oO'r-ooc»-s^^-h-^n 

cdT-^cNi'r-^ddT-'dddcNiT^codcO'r^cO'r^d'^'co^ddcooioidcsi'^id'r^codv-^ 

Closure 

Speed 

(knote) 

000>OCMCNJh^000>0>-^OC0C0T~<0^'^’^0)OO^T-h-CNi0)^CMh-T-><0CDh-CMl0 

Power 

Approach 

Airspeed 

(knots) 

-^cocoor^cN«iOTrTrooioc3>cDiooo><or^o>'r-T-^o)r^coo,nOr^oo'^T~coo)Tj- 

-^CM'^COCOh-m-srcOCMCOCMCOCO^TfcO'^-^-^COCMCOCO^'^jScO'^'^COT-CO-^iO 

T~*  T~  T"  ^  ^  ^  T“  T~  T”  T“  ^  ^  ▼-  T"  ^  ^  ^  T“  ^  ^  ^  ^  ^  ^  ^  ^  ^  T“  T"*  T”  T“  ▼” 

Lndg. 

No. 

r^^’^fC^CM*^h.CM'^OOCO-^COCMCOOCOOOOO>OCO<DC3)00  0)'^-^lOCOCDOOlOOO 
CD00  00O^^'r-cgC0;5inCDh-0)0)OCM<Nh-h-000005O'r-CMC0-^'srir5CDh-T--r-CM 
cococo-^^’^'^-^Tj-'^-^^r-'^r'^-^ioioinioioioioiocDCDCDCDCDCDCOCDcoi^r^r^ 
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LANDING  DATA  MODEL  BOEING  727-200  AIRCRAFT  (Continued) 
FAA  SURVEY  WASHINGTON  NATIONAL  AIRPORT 
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LANDING  DATA  MODEL  BOEING  737-100/200  AIRCRAFT 
FAA  SURVEY  WASHINGTON  NATIONAL  AIRPORT 


Wind 

Perp. 

(knots) 

<DtDG>cot^t^tot^^t^ooaicocoa>iocot^coioco^ai<D(Dai^^t^'^'^a>^€o^^ 

Wind 

Pan 

(knots) 

'^h-lf)ir)CDCMM-CM'7'^'^'^W‘0<N'^<NCOCO'^T-r^C\J'^COCOOOlOCMlOCMCOCMCSjr- 

Yaw 

Angie 

TD 

(degree) 

^0)'^i^<pio^oo^T-OT-coeoMOcoo)<oeo<*50)Oco'^T-Tfo)CM<Mco'^<Dr>-*<5*o 

oo-tOfO'ititioilOf-ffi  cidcii 

Roil 

Angie 

TD 

(degree) 

CN|^COr^O>,-CqCNjcMCNCOcoc\l<O^CNJlOO‘^C!pO)cO®CMC)TlOOC3)CON.‘^P'^f^ 

VcvicNiT^Ococ^Ococ^vocNidT-'^T^d'^cVV^'dwpT-^'^cocsicNi-r^T-^co'^V^T 

Pitch 

Angle 

TD 

(degree) 

0)0)Csj'r-;cpTi;coTj;<qcNCp'^c\joqN-CDN.cocsix^oqT-^0)iqcNjir:>0)^cqiqTj;ioiqcDioco 

dddddi^’^CDCsirocO'^r^’^dioiof^dcDcdh-cddiocDidioioio^cNiiodcdcd 

Glide 

Slope 

Angie 

TD 

(degree) 

'^CN|coN;CNjcqpT-pt^o'^cqTj;T-;<Dr^T-^oqiqpc9'^r^T-;0>CMmir>cocMOO'^r^cM 

ddddddddddT-^poddddddddT-'ddddT^ddddd'T^d'r^'^ 

Runway 

Off 

Center 

(ft) 

co<V‘9<o'7c^f^'^‘^«^^•^'^i^?’^»o^ocoo)5cMTJ■^co^Ic^^2c>cDooh«.co<ocO'^ 

Ramp  to 
TD 

Distance 

(ft) 

r^cMKOC3i<oooo*^ryScMO'r-coT-T-co2'^cD2?o?Sio|f:Fr<CDT~T-h-'»^-I^r^i^X^ 

CsJCNj^rOCNjCMCNJCOCNjggcNCOCO^T-CNJCNjSoC^S^S^^fcSQ^'^’^^S'^SS 

Weight 

(lbs) 

77990 

103610 

102115 

96282 

110790 

109183 

88410 

110412 

94358 

95835 

97981 

86601 

114500 

114085 

89401 

106043 

98993 

112238 

98910 

105084 

112544 

100861 

98105 

103520 

98537 

113703 

105155 

91340 

Sinking  Speed  at 
Touchdown 

pPpr^Pp-^'^pY-^CVlp'r-pcO’^pp'r^P'r^ppCSIp'^PppCNjpCMTflOOCM 

T-^d'r^cNidcNidddcO'^dT^T-^dcsicNidcO'«“d'<t'r^codcO'^'r-^cNi'*-’T^d'^'r-^i^d 

S  fi- 

CO  ^ 

pCN|CN'^'^pcgpppppn;pT-;pTj;pppCNjN;v^pI^pN;p'^CN|pppph-;in 

^T-T-codcodddcsi'^d'i-CNid'r^codTr'r^dcoT-^cddcvi^cvit-^'r-^T-^d^'r^h^co 

Port 

(fps) 

pT-^’^pph*.ppppOOT^|s.cvjpp-t-;'t-CvJpT-^pCNjxrpT-;pppx-p«i-pT-«CMCD 

'r-dT-'^T-^'r^dddco^dd'T^dcocNjT-^CNicNid^csicdd^coT-^T-^T^dd^rT-^cd'^ 

Closure 

Speed 

(knots) 

iOOO'i-0>CO<OCOCOT~r^COCMCDO)OT-cOCOlOCDlO'^’^CMT-<Nh«-CDN“CJ)inO^T-OCsJ 

csiT-^coT-^r-^Tfcoiococo'^cocococoiococsj'^'f-coioiococococNjTi-TrcoTf'^M-xj' 

Power 

Approach 

Airspeed 

(knots) 

OmCDCOCOOOCMCDO’r-OOr^OCOCMC^JlOCDCOOCDt-COlO'^lOr^COCOT-OCON-COCMCO 
CM  CM  tT  CM’M-lOM'COCOCOCOiO'srcOCOCOiOCOCOM’CMCOiCiOCOCOCOCOlOlOCOM-'M-'M’M’ 

Lndg. 

No. 

C000^3iOCM^lnOCMcr>COr^en^‘^00^^’^'^Of^O>^^^^^’^f^<0’»-•r-CMCO<D^- 
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LANDING  DATA  MODEL  BOEING  737-100/200  AIRCRAFT  (Continued) 
FAA  SURVEY  WASHINGTON  NATIONAL  AIRPORT 


Wind 

Perp. 

(knots) 

I5o)5cDa)if>ooJ^^coo)5Io)coo>JIo>^comcocDcor^cocDTi*cD'^cDiooooT--o 

Wind 

Pan 

(knots) 

co'7<Dcoco^i^coT-'^coTrco'^cNj’^CNjc>j'sr^ooir)r^<DiococOTj-CDCocDT-TrcMcocM 

Yaw 

Angle 

TD 

(degree) 

cp^ocVCDcpin'^dcNicovdOT^pCNi^co^pcNiidio'^cDdcsi'V'^’^^^T^'T 

Roll 

Angle 

TD 

(degree) 

Q^O'*-0)lO'^:j-OCD'r-;ol^ir)r^CMO>000>CMC005CDO’^'^rO'^.  ’r-pLppppcDOCO 

cdrof?«?<?'Y'^^9^0'7T-^CNidcNi«?T“'idddT-^d^9covc:>9^T99'^oo 

Pitch 

Angle 

TD 

(degree) 

r^T-00^<OOmCNJv-CDO)CD’r-0)T-COppt^pppppCN|CVjppppp’^r-;CSiN;CN| 

csir^dr^coidT-^Tt’idcNidTj'd'^di^'^dcodcNicoodddodiodcvicodco'^in'r^io 

Glide 

Slope 

Angle 

TD 

(degree) 

r^'t-OCMO)OCDCO’^0'r^N-pT-'r-pppp’^CN|N;pP'^T-;(N|pT-;h*-'^'^T-;h-pp 

odT-^^d'r-^d’r^d’T^d^ddddddddddddpT-dddddddddd 

Runway 

Off 

Center 

(ft) 

Ramp  to 
TD 

Distance 

(ft) 

inrvi^^-^i^^i^'^r->'^r^CD0)a>05^O00  00  C0T-  —  *^h-^COlOlOO)inK,^COCDCM 

Weight 

(lbs) 

100734 

104753 

97818 

105100 

94811 

96230 

91231 

110077 

114565 

101355 

123700 

89895 

96062 

103758 

97120 

94402 

97360 

121100 

83116 

111188 

109523 

93358 

106270 

108585 

103125 

112412 

99737 

108454 

106600 

93820 

102816 

113133 

114180 

110270 

98742 

Sinking  Speed  at 
Touchdown 

h^tOT-lO'^OlO^COOlOlOO)COCDincOCOC\jr^OCMCMCMCMpppT-;pr^pt^pCNjp 

cNid^^co'^cNidT-^'srdcd'r-^ddcsicNioicNj’r^T-^CNicocsidTrdT-^'r-^cNi'r-^T^dcNi'r^cNi 

S  £■ 

CO 

N.mCDOir)T-’^CMCDCslpCNl'^CDCMOCN|ppCNjr^'^T-;ppT-;T-pp«r-;pN;C\jT-^^'^^ 

cod'^*^d'^co'^’'r^codo6cNiddcoc\icNicsicNiT-^c\icocodr^d'r-^d'r-^'r^ddcsiT-^cNi 

Port 

(fps) 

ppppCNlpr^T-^ppCs|pKppp'^pT“;r^PpCNjpCNIp’^pTj;’^ppC>JppT“ 

T-^dddcocO'r-^cd^^dTt-T-^ddcsicNiv-T-T-dv-coddcsi^'^T-cNiT-cNiT-T-T-cNi 

Closure 

Speed 

(knots) 

CDCDOOCNJO)COOCMCNJCMh«»r-‘r-inoOOOmCOOtOininh«-’^N*CMN.COCDO>00<DCMCMCO 

COCO^^•COCOCMCO'S^CSJCOCOC^JCOCOCOCOCOC^JCO'S^COOCOC^JCOC2^^^^^^^[0^^^ 

Power 

Approach 

Airspeed 

(knots) 

a)if)cococDc90corocDCDT-'^io<ocMor^omcooT-coc5>coir>T-oocMioo)OTruoif) 

COCO'^COCOCO'^’^CMCOCOCOCOCOCO’^'^CSJ^xr’^'^-TrcOCO’^CNJlOlOCMCOCOCDCO^J’'^ 

^T—  ^T“'r-^^T"T—  r-T—  T—  ^T“T-^T—  T-^^T~T-T— 

Lndg. 

No. 

C005000T-CO’^CNJ*^CDO)T-COCOOOCOCDCOCDO)l^lOO)I^OT"lOOmoOO)r^O)OT-p 
TriOC005a)0>0)0000’f-T~CMTj-lOIO<D05030CNCNJ'^lOir>^00  00  00  00^'*-CNC^f^ 
CMCMCMCMCNJCMCNJCOCOCOCOCOCOCOCOCOCOCOCOCO’^'^'^'^Tf^Tj-’^'^TrTflOIX^IOinin 
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LANDING  DATA  MODEL  BOEING  737-100/200  AIRCRAFT  (Continued) 
FAA  SURVEY  WASHINGTON  NATIONAL  AIRPORT 


Wind 

Perp. 

(knots) 

T-’T-’7C^CO'^<^'»-^'r-COCOCMCOV'^^!^^^C3>0)^IOlOCOCOCDr^COlOCO'^COtf)lO 

Wind 

Pan 

(knots) 

lo  V  «?^o<V'*“’^^C)c^TT^^'T'tTC)ooooT-T-cNicMTfOTrcoT-T-OT-^ 

Yaw 

Angie 

TD 

(degree) 

OOrOpT~CsJooO><Dh'-OCMO)lOCOO)ioWT“COCMCOr^CNCOT-,-lOcM^OO^^^»^'^CM 

Roil 

Angie 

TD 

(degree) 

(NinT-d’^codc6d^^c>,-:csiT“T“CNiiOc\i^'^^cviT*^dcNi'^cvic\i^ocO'r^csiif)CNi 

1  1  «  ^  1  1  1  1  1  1  1  1  1  1  1  1  *•><  >1  1  ,  W  >1  VN  vy  ,  ,  ,  ,  ,  ,  , 

Pitch 

Angle 

TD 

(degree) 

h*.  i^Tfcor'^c\j»noqinTfqo)q-f-o'^cgoiooTro>ooT-cNJCDh-'^h-o)cocNJCMOocM 
'^‘cdr^iococo'sj^'^'^dd’^dcdcococD'^tcNid^rTrdcd'^'^ojcddr^'^'N.'r^t^d'^ 

Glide 

Slope 

Angie 

TD 

(degree) 

iniqcsicq'^qcgqi^cDcO't-cMOCDCOiOT-'^cvjcM'^T-cMO'^ocO'^cDi^i^CNj'^ooT- 

d'r^ddddddddddddddd'r^dd'T-^dddddddddddT-^dd’r-^ 

Runway 

Off 

Center 

(ft) 

Ramp  to 
TD 

Distance 

(ft) 

h-f^COOC^JO^-a5CMCOCOO)T“0)'s^O^COCDOpftr-JOOC^JN.^^_ln'^cnr->f^fo'^^nln 

Weight 

(lbs) 

95954 

108770 

94213 

102140 

101597 

102225 

107618 

104287 

93442 

96363 

95747 

111420 

103627 

94832 

111400 

113353 

97260 

84840 

94109 

99210 

102957 

86065 

109935 

Sinking  Speed  at 
Touchdown 

11 

qi^N;CN|N«;iqr^qiq'^T-;qT-'^Trr^^*oh'COcoo'^CD’^iOi^T-'sriocO'r-cococMCsj 

T-^iod'r-^'r^rod'^cNicvicod'f-^dcNicNicNi'^T-^diocNiddd'r-'cor-^T-^csicocoiOT^cd'sf 

(0  ^ 

qT-;CNjT^oqq7^'^r^'i“iq'^’^qqqr^cMr'^cocMioo>CMCMcO'*-;Cvjoo'^cooin<Din 

dldd'r'^'r-Tr'r-^COCsiT^COd'r^dT^CNicviTf'r-’dlri'r^dddcOld'r^CvicNicOCOlfJCNiCNi'^ 

1?  S' 

0.  St:. 

qcoq'»t'si;qqqqq(N'r^qiocooo5000>cNjocNj'srmcoo>cooocNicococMO)h«-o 

ir^cddT^CNicNldrtcNicNicodddcsicO'r^inddiricodddd'r-^ddcsiT-'cNiiodcO'^ 

Closure 

Speed 

(knots) 

comT-h-coh'!^T-o)cooo'^cMoo’^T-Trooo>'srTr'<j-<ococ3>'^oococDCDcoiOT-^o 

Power 

Approach 

Airspeed 

(knots) 

OO^OO^COtf)OO^N-COO)CMCNJLOO)h-T-N-0)^’^^CDh-0>CDCNj^OOOCO’^CDT-mT- 

COCMT-TrcO^COlOCViTfCMCOlOinCMTt'COCQCOCNJlOlOTfTfCOM'TriOCO'^COlO'^CM'^CO 

T~T-T-T-T-T-r-T-T-T-T“T-T-T“V-T-y-T-T-T-T~T--r-r-T~T“r-’r-T-T-T-T“T“r“T-T“ 

Lndg. 

No. 

J^12:r$P25S2ini:59tiQ*^P’^‘^«'5oo^incNCDr'-.o>05CMrr)inO'r-N-c3)coino)cO'^ 

CM^t^h-0>OCNi^'^^COCOh^000100CNJCM^'^^lOO)00'«-CNjCMCNJIOOOOT-CNJ 

ioinioiniocDCDcococDCDcococDCDr^r-T^h-r^i^hI.i^r^SSooooSSooSo)So)S 
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LANDING  DATA  MODEL  BOEING  737-100/200  AIRCRAFT  (Continued) 
FAA  SURVEY  WASHINGTON  NATIONAL  AIRPORT 


Wind 

Perp. 

(knots) 

^^00^-lOCO(DlO's^CO'^COCD 

Wind 

Par. 

(knots) 

Yaw 

Angie 

TD 

(degree) 

OCOO)lOI^CDTrcOr“^CM^ 

v-:a>ir)d'r^dd'^cD2^^ 

Roii 

Angle 

TD 

(degree) 

cocsjcvjoqooi^co^ipo'r 

co^odor-'^d^^d'^ 

Pitch 

Angle 

TD 

(degree) 

mio^cDcoT-iniq^ioo)-^ 

incdcddddcoco’^incocNi 

Glide 

Slope 

Angle 

TD 

(degree) 

00h>-C0CDO)iqT-;CNJCD'^-r-;ir) 

ddddddr^ddddd 

Runway 

Off 

Center 

(ft) 

Ramp  to 
TD 

Distance 

(ft) 

698 

967 

1245 

1181 

1164 

1271 

801 

1372 

970 

1058 

1280 

1465 

Weight 

(lbs) 

92405 

94280 

115224 

103700 

90860 

106175 

102699 

95336 

89668 

101884 

108961 

Sinking  Speed  at 
Touchdown 

II 

'^CMCMlOOOCDh-t^CO'^O 

dcor-'cNicocg^’dcsiT-^dcvi 

II 

CO  ^ 

N.T}-o)S;'r-;'«-iqcoqN;  in  iq 
cocddT^cO'r^TfddcNidT-' 

a.  it 

h-cocoiocoqo'^'srq'st'si; 

cvicNi-r^cvicNicNi^dcsiddcvi 

S 

;3 

(0 

o 

G 

Speed 

(knots) 

oor^CNjooTrcoT-T--h*<0'r-T- 

Power 

Approach 

Airspeed 

(knots) 

ooT-cocMoor^OT-oior-o 

Lndg. 

No. 

CO'^COh-f^OOgSgggg 

a>o>a)0)0)o°5°5°° 

t 

< 


lO 

o 

o 


o 

h- 

N. 

i  2 

u]  O 
O  “ 
QQ 


UJ 

Q 

O 


o 


X 

CO 

g 

m 

3 

CO 


Wind 

Perp. 

(knots) 

coo^VcococDcom 

Wind 

Par. 

(knots) 

cor-cNcoincovo 

Yaw 

Angle 

TD 

(degree) 

0)qcsj^T-;qoqT“ 

T-^a)YJ!r^cocr)c\i 

1 

Roll 

Angle 

TD 

(degree) 

OT^Orocod^t 

Pitch 

Angle 

TD 

(degree) 

a>(D  (D  tx>  a>  CO  rt  CO 

CO  Tf  iri  00  in  CD  h-’ 

Glide 

Slope 

Angle 

TD 

(degree) 

CDCOCDr^O>CVJN-h«« 

dddddddr-* 

Runway 

Off 

Center 

(ft) 

CM  O 

^OO^OOCOOCOCM 

1  1 

Ramp  to 
TD 

Distance 

(ft) 

COlnoON•rP^O^T^CM 

ococD^SinSS 

Weight 

(lbs) 

98726 

114988 

111150 

112908 

100009 

Sinking  Speed  at 
Touchdown 

CMCMCM  N-OCMCO 

cM^cvi^codood 

CO  ^ 

qqT-|T— h^cvjqq 
T-^dcviTrcoT-^coin 

'gT? 

O  Q. 

a.  S 

lO'M-'M-OO  CMCOCD 

cMT-^cMT-^  dcod 

Closure 

Speed 

(knots) 

OOCMOCDOt-CM 

cM-M-coincocDin^ 

Power 

Approach 

Airspeed 

(knots) 

l^a>OCOOCM'«-CM 

cO'M’coinTfCDio^ 

Lndg. 

No. 

lOC3>CDrOinCM2fc 

OCOOCDCMOjgg 

'sr  to  CD  cj>  05  ^  ^ 
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LANDING  DATA  MODEL  BOEING  757  AIRCRAFT 
FAA  SURVEY  WASHINGTON  NATIONAL  AIRPORT 


Wind 

Perp. 

(knots) 

Wind 

Pan 

(knots) 

^cOT-cocsicM’^T“-^tcNjT“COTf'r--r-inin’^iomcOTj-<DtniocOTi-iO'^cocM'r-cNj^7T- 

Yaw 

Angie 

TD 

(degree) 

mWmoo^f^oo®OT-.^t-o)T-fv|0)ooo)'^wo)‘Ncoco|>»o^^iOT-coc\|T-^ioco 

Roi! 

Angie 

TD 

(degree) 

T-:ddd'T’^'^9't'T^^'^‘?'T‘9'T^T^'TocNi'r^9csi\^dT-:'^’d9ddd 

Pitch 

Angle 

TD 

(degree) 

b)qcocNiT-;cqcDh-CN|r^M;c\jqT-qcNir^t“T-^cx)^t;coh-;CNir^cDr^cDr^mocoo>r^co 

dKCD'^r^h^^fdr^dr^cddcddr^cDi^r^ior^N^Tj’oocNih-i^ioiodidr^cDiO'^ 

Giide 

Siope 

Angie 

TD 

(degree) 

qTj;qqqT-'si;qq'«-;qo)'^N-o>cMi^cMCDO>oocoT-r^<DiocM'^i^cO’^iocoiO'sj- 

ddddT-^ddddcvidddT-^dT-^dT-^dddddddd'r-^Oo^ooodd 

Runway 

Off 

Center 

(ft) 

Ramp  to 
TD 

Distance 

(ft) 

^!>coc35^PiP^ir»N.‘^^<^T--r-T--cficr»f^ift^oooooTrcoo),^i^cOf^cDmco’^oo 

2J2«0)°£^::2iroS'^®'"5OT050)S'^roO‘^”O9°«'^'^Soo””'^ 

Weight 

(lbs) 

174331 

180065 

177284 

164000 

178500 

156000 

175196 

169668 

174258 

168000 

181340 

176200 

180000 

182959 

175652 

164624 

175462 

167518 

171490 

172740 

185500 

164204 

187750 

183893 

176865 

176893 

160100 

179000 

157461 

169653 

175793 

179540 

188600 

178032 

Sinking  Speed  at 
Touchdown 

II 

qN.cNiq'^qTrcocM'«-ocoino>TrcocDir>0)CDiO'r-cD'^'^cMcoioinTriooocMT-io 

cvi'r-'dcsiddv^v^cNiod^cO'r-^cDco^cvi'^'T^cocoT^dcNicvicNi'^fdcNiTrT-^T-^’r^CNiT-^ 

CO  ^ 

^^^^P®o^<^i^<^’*~0)TrT-cO'r-'^cDr^<Dr^r^<MOCDT-cDCD 

cocNicoT-^cddT-'dcviodcgcoT-’r^'co'^oi'^CNi'^'^'r^T-^cocNico^dcviiocsir-^T-^T-^'r^ 

tl  u 
o  ci 
0.  S 

CNi^cNj^q’^qqqr^qr^qrsicocot-ooror^oco’r-cDCMCOT-cvjincor^O'^in^t 

cNi'r^cdcocd'r^dT-^'r-^N^dcodcDcd^tco’sfT^CNicodd'T-^osid^'dT-'codcNiT^CNi'r^ 

Ciosure 

Speed 

(knots) 

cO'^h-comT-oococvicoo5ocor^'^a>oococDiO'i^cr)C3^T-T-Ko>0)05cvjo>ocMcoco 

Power 

Approach 

Airspeed 

(knots) 

r^cor^f^N-cMcoh-comocor^ooiO'^coT-oo'^cDiococDT-co'^comT-T-ocNj'^ 

CMCOCNJCNJCOCMCOCMCMCOCMCMCMCOCOCMCOCOCnJ^^CM'^CMCOCOCMCOCMt-CMCMCOtJ-CO 

T-^T—  T-^V“T-T-^T-T-T-T-T“T“r“T“T-T“r-T“T“T-T-T—  T-T-T"^ 

Lndg. 

No. 

cooOT-OCOCol^!?J''^^f^O>^^DJ^‘^^OOCMOOT~T-COCMCDO'^COON-COr^OCOC>J 

^^^ii^^^ot-^aiCiOr-oi^'^t-^aiT-c^cortaiocoiot^t^coaiCir-coioiot^ 

^^^'^'^^'r-^T-c\icMcsicMc\jcsj(MCMcococococOTi-'^Tj-^t'^’^'^inioir)ioioin 

B-9 


j 


LANDING  DATA  MODEL  BOEING  757  AIRCRAFT  (Continued) 
FAA  SURVEY  WASHINGTON  NATIONAL  AIRPORT 


Wind 

Perp. 

(knots) 

oocMCNJCMT-cMr^t^cx)C3)inmin'^cDN.cococDr^h«"<Dcoco 

Wind 

Pan 

(knots) 

Yaw 

Angie 

TD 

(degree) 

1  1  1  1  1  ,  w  W  ,  W  ,  VN  »-/  ,  ,  ,  ,  ,  ,  W  ,  , 

Ron 

Angie 

TD 

(degree) 

i^O'^oo^^T-'^'^‘f^cN|pr^pcofNcM®9’^coT-oco'^°9 

ddtY'^99'^ocVVt'70T^9'^9“?o«>i'^'^T“? 

Pitch 

Angie 

TD 

(degree) 

t-oh-o)oooxriocNjh-TrTrOTj*cMcocor^03ioininiqr^q 

d'srr^Tr’sridiodioddcDr^cDididtdcDCDidcDincdcDin 

Giide 

Siope 

Angie 

TD 

(degree) 

Runway 

Off 

Center 

(ft) 

Ramp  to 
TD 

Distance 

(ft) 

T-'^-^ln^-<D00•^,rl-rt■ro▼"0000'S^C0CDC0^<DT^CDlOOert 

ooSmoco'^coSSScoi^co'^r-csicoS'^iniooooS 

Tj-T-gT-'c-CMCMCOgfiS^CMT-OCMCMCMScOCOCMOT-g 
T—  CM'  t—  T—  T— 

Weight 

(lbs) 

182490 

185923 

182726 

178969 

172291 

174727 

179626 

179069 

169445 

176317 

180100 

176650 

187000 

163817 

161888 

183143 

175800 

180108 

172560 

Sinking  Speed  at 
Touchdown 

II 

cMr^o)'r-;cqcocsjcqcOT-;iqr^qcqcNiTrcDT-;h-;'r-Ti;co-^r^p 

dcNid'^'r^oi'r^ddcDcO'T^T-^csi’^dcNi'r-^cviT-^v^dd'r^cvi 

la 

ui 

cMOCDpTiinqqqr^cgqqcNiqqcNjqOTT-qcNjiqqq 

dcsii^TrcNicvi'*-^ddr^'^T-*dcoddcodcNiT-’T-^ddcNic\i 

T-'^coo^t-;T-;qqqN.qT-;CNjq'^qqqcNiCNjCN|csjqq 

ddr^WcNioi’r^dd^foiv^'r^cvicM'dd'T-^CNi'r-^^ddT-^cNi 

Closure 

Speed 

(knots) 

T-r^cMCMincDCMOO>coioiocMcoo)CMrooco'*-OT~r^r;^q 
'^COCOCOCMCOlO'^COCO^rCvJCMCNJCMCNjCOCN^^^^C^  «  ^ 

Power 

Approach 

Airspeed 

(knots) 

oo)Tro'^cvjcM050'«-ior-TrTroioiocMx“’sr<NcocMr^o 

Lndg. 

No. 

N.h-OTrcX)CMO)h-CDCDI^T~C\ICOCDN-OCDr^O>0'f-0>^fS 

N.CMlOIOir)l^r-CVJCOlOOOCO'^lOtOI^COIOlOCDC350)C3)d^ 

lOCD<OCD<DCDCDh-r^h-I^C0  00  00  00  00O>O5O)O>O)O)O>^^ 
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LANDING  DATA  MODEL  CANADAIR  REGIONAL  JET 
FAA  SURVEY  WASHINGTON  NATIONAL  AIRPORT 


W/nd 

Perp. 

(knots) 

<D  05  If)  in  CD  lO  CO 

Wind 

Par. 

(knots) 

o  in  CO  CNJ  T-  cN 

Yaw 

Angle 

TD 

(degree) 

-12.4 

-0.7 

0.5 

-7.7 

-0.7 

5.8 

-7.8 

Roll 

Angle 

TD 

(degree) 

CO  CD  CO  CN|  CO  00  ^ 
<7  9  o  cvi  d  c? 

Pitch 

Angle 

TD 

(degree) 

O  O  ^  CD  <N  CO 

in  CD  9  o  cm' 

Glide 

Slope 

Angle 

TD 

(degree) 

00  00  CO  CD  CD 

T-*  O  ▼“  O  O  O  T“ 

Runway 

Off 

Center 

(ft) 

o  in  'T-  in  CO  CM 

Ramp  to 
TD 

Distance 

(ft) 

967 

706 

731 

1440 

1066 

1094 

903 

Weight 

Ohs) 

Sinking  Speed  at 
Touchdown 

II 

q  in  q  0)  in  q 
od  CO  CO  ^  CM  iri 

11 

(0 

T—  q  q  q  q  q 
00  cd  T-  T-  CM  CO 

Port 

(fps) 

q  N;  q  q  q  CM 

cd  CM  d  CM  CM  cd 

Closure 

Speed 

(knots) 

cj>  CM  CM  CM  o  in  m 

O  CO  T-  CO  CM 

Power 

Approach 

Airspeed 

(knots) 

0)  in  m  CM  h-  CO 

-M*  O  CO  T-  CO  CM 
^  ^  ^  ^  ^  ^  ^ 

Lndg. 

No. 

CM  (3)  CO  S 

Tt  CO  h-  00  g  g 

'f-  CO  M-  00  CO  °  5 

^  £ 
<  < 

*< 
u  z 
Co 

i 

Q  1“ 

UJ  ± 
Q  X 
0| 

O 

z 

Q 


a: 

z> 

CO 

I 


Wind 

Perp. 

(knots) 

oocoioino)r^co5incDC3>oor^r^5^JZr^r^ 

Wind 

Par. 

(knots) 

CMCMTl*COCO'^COV^^f^^*^C3f'^0^«^0 

Yaw 

Angle 

TD 

(degree) 

inr^o9^^^t^^ococoin^®OcM9''r 

cMdin^9'7^^'^°o^^c>99'«-^99 

Roll 

Angle 

TD 

(degree) 

CMCDTj-CpOT-^CMcdO^^f^Q^^od^ 

Pitch 

Angle 

TD 

(degree) 

qqqqqqM-q’«^qo>OTrr^o>coin'^ 

inincdincDCDcdcdtnincdin'M’''*tcdT-^M^'M^ 

Glide 

Slope 

Angle 

TD 

(degree) 

qq^qqr^'^qh^'r-qmmococMCMoo 

d’r^dddd9odT-*'r^ddddddd 

Runway 

Off 

Center 

(ft) 

Ramp  to 
TD 

Distance 

(ft) 

tC>rnfMOOOOTj-inr^cnT-*'^'^0^>'^0)CMrvi 

o2iB^O)OCMT-'^grCJ)COOCO'M-M-S 

0?Io>^C3T-CO^o£5f:OT-M-v-CMCMg 

Weight 

(lbs) 

oooooTrx~oinooo2§'*”C)0'^ 

T-oh-ooocMooocoino>SSi^oooo 

o>oinococ3)CM'«-ooa)co5yS-'^'*“COCM 

ooh-0)0)0)coooo)h-o>oojl5oooor^co 

Sinking  Speed  at 
Touchdown 

II 

omiOT-'^incoocMOTrooincMCMcoi^O) 

cdinr-^'r^cMCMdcMCMinin^T-^dT-^ddcM 

(0  ^ 

qqTTCMqqoqcM^i^oooco^oJino 

cMindT-^cMCsidT-^cM^TfcdT-^ddddcM 

tl  To' 
a.  ^ 

Closure 

Speed 

(knots) 

cMCMr^ino)0)0)coTri^ococDN.ON.cocM 

COCMCM'^CO^CMCM'r-'M-Tj-cO'r-cOCMCMCOCO 

T“T“^T“^^T-T“T-T—  T— 

Power 

Approach 

Airspeed 

(knots) 

•sf^M-T-COCOCOCMCMr^OCOmor^CMCDCDCM 

COCMCOM-'M’CMCOCMt-'sT'M’COCMCOCMCMCOCO 

Lndg. 

No. 

5§S§SSc^'^^^0)OT-;|-CM;JM;in 
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LANDING  DATA  MODEL  DOUGLAS  DC-9  AIRCRAFT  (Continued) 
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Wind 

Perp. 

(knots) 

Wind 

Pan 

(knots) 

COI^'«;rCMm^lOCO'S^CO^OlnT^•T-^.CO^^CMlnCO’»-'r-'r-(NOC^JOO'^'^V^CDV‘^^ 

Yaw 

Angle 

TD 

(degree) 

CMlOioC0CD00C>J^^O^^r^CD«>T-r^O'^0)00'^^5^^h-‘^00  00CN^^‘^00^00CM 
ocpcNi<7CNcocNi^5diYO'^V^9<=>9'^oC9od5oiriincNicNi9C»«?c^d^I'r-‘csi 

Roll 

Angle 

TD 

(degree) 

r^N.iOoCMOOcoooif)COcof^cOco^'r-<DT-ocsjCDoiocoir)'r-'<j-ioOco'r^’^^^ 

TtV<>i'?T'VT^«9o'f9T^9d'79<N'r^'7'^o<?'7'7t'N'7c>')'99'7t 

Pitch 

Angle 

TD 

(degree) 

ioo)Tt'CO'r-csjT-cDc:>'«toq'^'r-;CNi05oc)csjr^*^cj)'^T-;r^CNjp'^cqocoqpiqpc::)inin 

dcoco'^’^coiriiO'^h^d'^'idiO'^in'^co^^CDr^'^cDCD'^iocDiocdiocoidr^'^'^ 

Glide 

Slope 

Angle 

TD 

(degree) 

COOCO'^CNi'^pCVlp'^<NjN-t^C\j'r-;ph».CSj'^'^p't-;'^PP'^p'^pC\j'«-;p'^PpT-; 

T-^T-ddr^d^dddddddddddddddddddd'r-dddoooO'^- 

Runway 

Off 

Center 

(ft) 

COCNCO'^COOOO'^'^'^COr^Tj-CpcOCMCO'VCM^'^V'I’^V®®'^^?^^®?^'^^ 

O  CD 

43  o 

|S|t 

<0  M> 

OC  Q 

^^o>cOrtsr^fo0^^^c^'^cc>^cocDiooTfo>cDiocDioc2colfi**::'^3:^^S2Soo£2oo 

Sgr-CMScOgg'^OOCOr-g^x-CMOT-T-OCMCO'^l'T-gcMOg^'^COCMCMjQT-g 

Weight 

(lbs) 

00  lo  CO  N*  in  o  o  o  CM  00  00  o  g  S  §  o 22  S  S  22  o  ^  2  IP  ^  ^ 

00CMC0C3>C5>O  OCMT-COCJJM-g  ggcO^-CDOO)  00  g 

loioc^joooo  o  r-.  Gt)  CM  xr  CO  g  cm  S  ^  22  r:  z:  S  2  ^  5S  o>  2 

ooooT-^r^T-  oM-r-T-h-og  foIr-^'^[^'2£2  2  o  T-3!Si2o3C 

0Or^COC3>0Oh-  c;)000)00h-0o2  ^  ^oocooo^co 

Sinking  Speed  at 
Touchdown 

II 

ino)T-c3>'^CD'M‘0)ooino)CDr^r^'^cj>'M*co'M;cMp'M;p'M;pppppN;'M;p’M;ppp 

lOCO'r-^T^'M^v-^'M^dcOT-^dcMCMddCMCMdT-^-r-^CMdT-'cMCM'T-^CMCOCOdd'r^'r^CMT-^^ 

II 

CO  ’2=' 

iOT-o3CMcocDr^r^inr^opcocM'M;pppppcMCMpT-;pppppppcMCMr^'M;p 

lri^dcMM''«-’'M*dcOT^T-^CMCMv^dcMCO'r^'«-dcodT-^CM'r^CMCMCMM^ddcM'r-^COT-CM’ 

ft  ^ 

o  tx 
a. 

lv^|s>^(OCOpCMpppp'M;pCMppf^p'M;pp>^'M;'«-;pCMpCMppppppp’«-: 

^’coT“^M’^“^^’M‘ddcMCMddcoT-‘ci)T-^cMddT“COCMT-^cMincMddd^’r^cMCD 

Closure 

Speed 

(knots) 

0'M-O^CDOI^COCDOOOT-5a*cOC3>OCD'M‘h-inCOCMCDCDI^^CDCOinO)r^lOTfrOCMO) 

.'M*COCM'M-CMCO'M''^'M-CMCMCMCOCM*t-COT-COCMCM'M-M-CMCM^^J^^^^C2^jnO^ 

Power 

Approach 

Airspeed 

(knots) 

TTx-'^CD’^-'M'CMCOOCOCOCDCO'M’COCDOCDCMO^COh^COr^COCDCOT-inCDCOTrCM^-^ 

M''M-CM'M'C0C0lO’M'inCMC0CMC0CMCMC0CMC0C0C0'M‘'^CMCMCM'M''M’CM'M-M-'M’C0CMinC0C0 

T-T—  r“^T~T--T“’^T-T“T-^T-T“^T—  T—  'f—  T-T-X—  T-T-X—  T-T—T—  T—  T-’T-T-'T—r-T-’^T— 

Lndg. 

No. 

cMcocD'^r-o>Trinocooooor^ocococ:)T-cj5T-cMCMCDCMooi^o>p3~op^incMjn3; 

oocoo5T~cMCM^r’^i^r^f^ocM's!-^’^^r?^i^cnincDCDoop'«-^io^g)^co;^pr^co 

CMCMCMCOCOCOCOCOCOCOCO'M''M'M''M‘^t*'M'Tt*'M*'M'ininmminCD<DCDCDCOt^!^N-N-r^l^ 
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kV/ncf 

Perp. 

(knots) 

Wind 

Par. 

(knots) 

CMCMCDCMCOCO^COCOCOCO'M'CMOOO 

Yaw 

Angle 

TD 

(degree) 

Roll 

Angle 

TD 

(degree) 

O^'COoTfTfCMCDCMooCMCOldlOT-^ 

i  i^ii  1  1  t  1  1  1 

Pitch 

Angle 

TD 

(degree) 

cMir:)i^cNjpc3:)oqiocDO)CDOcMTrcotn 

iriCDCDlOcdcOTf'M^T-^'M^iOM^'M^lOCOTf 

Glide 

Slope 

Angle 

TD 

(degree) 

cocooo^CDoqoocDT-coojiOT-'M’r^ 

OOddr-^d'r-^'r^dT-^ddO'T-^'r^O 

Runway 

Off 

Center 

(ft) 

O^M*OC3)r^CDinM*COOOCO 

Ramp  to 
TD 

Distance 

(ft) 

T-lOmOOprtCM^«,I^<DN-CMh-ir,fri^ 

Weight 

(lbs) 

81890 

78804 

94160 

81700 

92300 

83220 

90924 

80022 

107100 

82495 

83475 

125965 

91092 

81065 

Sinking  Speed  at 
Touchdown 

CMO>'r“lOCOCMO'»"^”^T“T“CMr^COOO 

T-^cMcoT-^dcoTrTfCNi'srT-^cocsi’sfM-'cvi 

II 

CO  ^ 

inT-T-^CMiqr^p'r-;T-CM0>05'»-0>l0O 

’r^COCMCMCDCsi'^tCOM^’M^dcM’r-^M^lOCO 

Port 

(fPS) 

pMT-^pcMN.ppcMT^p'M;piqpix:) 

<r^CNi'^dr^COCO’M'T-^’M*T-COCMM‘'M*CM 

Closure 

Speed 

(knots) 

CO-r-CDlOmCMCOOT-T-CMCMCOlOOCO 

CMCMCOCO^'M’CO'M*CMCO'M‘CM'M''M't“CO 

Power 

Approach 

Airspeed 

(knots) 

lOcocMN-ootoh-coiO'^mcor^ioojco 

CMCMM'CO'M'’M’CO’M'CMCO'M-CMTr'M‘x-rO 

Lndg. 

No. 

LOioiocor^h-ooT-r^coN-ior^ffiSP 

ocNjioioo)oocr)coTj-’<tcDN.KSp:: 

oooooooocx>o>o>c:)a)0)0)0)0>°°5 

o 

0^ 


CO 

CM 


0^ 

LU 

o 


LU 

Q 

O 

s 

Q 

(D 

Z 

a 


a: 

o 

CL 

< 

-I 

< 

Z 

g 

5 


o 

! 

m 

3 

CO 


Wind 

Perp. 

(knots) 

00  1^  CO 

Wind 

Par. 

(knots) 

O  CM  n- 

Yaw 

Angle 

TD 

(degree) 

p  ^  p 
d  T-  CO 

1  1 

Roll 

Angle 

TD 

(degree) 

05  T-  N; 

d  CM  W? 

Pitch 

Angle 

TD 

(degree) 

00  m  N. 
CO  cd 

Glide 

Slope 

Angle 

TD 

(degree) 

CO  00 

d  d 

Runway 

Off 

Center 

(ft) 

O  CM 

Ramp  to 
TD 

Distance 

(ft) 

1255 

760 

943 

Weight 

(lbs) 

60930 

58595 

Sinking  Speed  at 
Touchdown 

«t  !£ 

q  p  T-^ 

T-^  cd  cd 

CO  ^ 

CD  r-  M; 
d  cd  -r-^ 

fp  I& 
0. 

H 

n 

Closure 

Speed 

(knots) 

O  00  lO 
CM  CM 

Power 

Approach 

Airspeed 

(knots) 

O  O  00 
CM  CM  CM 

Lndg. 

No. 

1 
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FAA  SURVEY  WASHINGTON  NATIONAL  AIRPORT 


W/nd 

Perp, 

(knots) 

Wind 

Pan 

(knots) 

<D'^C>\'^COCO'^r-C)T-CO<D\OCO 

Yaw 

Angle 

TD 

(degree) 

CsJOlDinCO^h-lo'^CO'^f^CDf^ 

0^’Ocy5<N<NTfCO^CviC?tO>^ 

Roll 

Angle 

TD 

(degree) 

CDIDcOt-CMIOCOo'^'^CO^OCOCO 

1  1  I'-'i  1  1  1  1  1 

Pitch 

Angle 

TD 

(degree) 

Tf'r^'^'r-cDoqcNJoqCTiojojoqcDq 

TrcOTj-iriTtco’^'^'^co'T-^coxj^’^ 

Glide 

Slope 

Angle 

TD 

(degree) 

CMCDr^lOCO-f-'^COCOOON.h-T 

T-^ddcj'r-^dddd'T-^dd'r^o 

Runway 

Off 

Center 

(ft) 

Ramp  to 
TD 

Distance 

(ft) 

724 

854 

1187 

1088 

843 

1278 

1095 

1169 

1512 

763 

1313 

941 

746 

1330 

Weight 

(lbs) 

73920 

77440 

88525 

75815 

80131 

86026 

82920 

75835 

73835 

81625 

78381 

Sinking  Speed  at 
Touchdown 

II 

cvi^rcooqoqicr^coiq'r^cooj'sj;'^ 

idcNicsiT^cod'T^csicNicodcxiTrd 

II 

CO  ^ 

05CO'r-T|--sr-sr  inoOC\ICMOOOlO 

idcNicocsidd'^^CNicodcvicod 

Port 

(fps) 

lOC3)lOCO'r^CD^CN|ip^’r^lOO)VOCO 

Tr^-r^T^codT-^cocNicodcvidd 

Closure 

Speed 

(knots) 

^'sro)CQcoCDi^cj>’^T-inco_co 

^CMt-t-ScOCNJCOCOt-COCOS^^ 

'I^T”T—  T—  T“T“T—  T-T-T— 

Power 

Approach 

Airspeed 

(knots) 

G>OOOCgOO>T-0'^CMCOCOfo<0 

’^CNJCM'T-OrtW^OT-COCOgJCNJ 

Lndg. 

No. 

COCOT-OOCNjr^COO^'^fCMCDjS 

coomr^ioh-or^'^cMCDcocoX 

T-T-r-C0C0'«t»OCDh-COCOO5^ 

a: 

£2 

i< 

<  Z 
o  O 

"E 

o  < 


LU  O 
Q  H- 
O  CD 


a  q: 
< « 


Wind 

Perp. 

(knots) 

I^OJCDOh-lOOOOOOO'^CD 

Wind 

Par. 

(knots) 

Yaw 

Angle 

TD 

(degree) 

0.1 

-6.6 

0.5 

2.1 

-2.0 

I. 4 
-1.4 

II. 8 

4.0 

-8.3 

3.0 

Roll 

Angle 

TD 

(degree) 

cNiT-'^4-:r7T^c^4-'d«?o 

Pitch 

Angle 

TD 

(degree) 

dodcocoN’^ioiO’^'srid 

Glide 

Slope 

Angle 

TD 

(degree) 

TTcocDCDocqininpr^pir) 

ddddddd-r-^dv-'d 

Runway 

Off 

Center 

(ft) 

O'^^lO^CDlO^CDCNJO 

Ramp  to 
TD 

Distance 

(ft) 

CNJCDCDOrn*^’^0^0'«-CNJ 

't-cMco'T-^r^ocO'^T-io 

CMCOOOSocOCJJOOt- 

'T-  4—  ^  T“  T—  ^  V-  T—  T—  T“ 

4.4 

.5^ 

|a 

120340 

112000 

104769 

111000 

110300 

120000 

102000 

101914 

91940 

109000 

Sinking  Speed  at 
Touchdown 

II 

PppCNippppppp 

'^CNic\icOCO'r-^T-^COCsi'»t4-^ 

II 

(0 

P  P  P  CN|  4-  p  p  p  N-  p 

cvi  cvi  cvi  CO  CO  cvi  cN*  CO  CO  d  4-^ 

Port 

(fps) 

ppppppp4-;ppp 

4-^cvicNicoco4-^4-TfCNico4-^ 

Closure 

Speed 

(knots) 

h«-h^N.O>'SfC04~0OCD4-O) 

CNJC0CMCsJC0C0C0C04-^4- 

Power 

Approach 

Airspeed 

(knots) 

4-COOCM'^h-I^OO>4-CO 

COCOCOCOCOCOCO'sr4-45i-Cs| 

4—  4—  T—  T-’T-T—T“4— ’4—  4—  4— 

Lndg. 

No. 

COCOIO-^NOOIOCmSoS 

CM’^lOCOCDh-OOOJ^^Ji 
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Wind 

Perp. 

(knots) 

Wind 

Par. 

(knots) 

'^tO-r-^CNJ'^'^'^^T*’COCVJCOCOT|*CMCOT-CNJCMf)*0^lOCOCO^inmiOCD'^lO^^CD 

Yaw 

Angie 

TD 

(degree) 

Roil 

Angle 

TD 

(degree) 

(0'^h-ooo)'^coc:)r^T-cviN;oqir)r^cq<p(op^co^^.  ‘^5ph«;COCpcocococoo)<OT-co 

Pitch 

Angle 

TD 

(degree) 

C>JpT-^'^ppppr^'»-;CNl05'^OCDCDO>T-CDO)CDOT-CDI^CJOCMCOCOCJ>TrTj-COr>-'r-CNJ 

i6t6o6i6'<i'<r<6i6i6<D'^c6<6^'^c6i6i6t^c6c6'^i6c6i6c6'^rtrtc6^'^rt^rf'<t 

Glide 

Slope 

Angle 

TD 

(degree) 

Runway 

Off 

Center 

(ft) 

lOCD'r-T-2cOh-2‘^2V9'T^22^^9®OCX>CMOj^og<DlO'*“TriO’^h«.CO^V'^ 

Ramp  to 
TD 

Distance 

(ft) 

Weight 

(lbs) 

108400 

107244 

109000 

110000 

108500 

107965 

109991 

106000 

123000 

114500 

126289 

124500 

121000 

101640 

115000 

122000 

124500 

93675 

101640 

106143 

111105 

105337 

128100 

107883 

112939 

127700 

110965 

112000 

107206 

101631 

128000 

110673 

Sinking  Speed  at 
Touchdown 

ppppTfppT-;pOTpC\jppOO>CMininCMCOCO<00)CO<OCDh«-lOCOT-r^T-IOT-0 

dcNidcNiT-^csioicNicsicocsi'r^Trir^cNicNj’^’^T-^cocNicsidcd'^'^^T^iO'^'r^Tr’^'^CNi'r-* 

CO  ^ 

pp'^ppc\jr^TrpT^T-ooooo*r-cocNjoco'^'r-'^'^or^O)?^r^co'^coioi^*^oco 

T-^’r^dcviT-^csicNicNicNi'^csiT-^cd^csiTt^dv^codT-'d’^Tr'^'^T^in'^'d^Tr'^CNid 

(£§ 

pcNJCMCNjT-;p'^ppp^ppppT^cNcor^o>'^ior^05a>'^ior^<DCMCDo>comcNicM 

dcNidcNi'r^c6c\iT-^CNicod'«-^’^CNi'r-^'r^TtTfT-^cNic\irsidd'^d’^T-^d'^T-^'^coTrc\i'r^ 

Closure 

Speed 

(knots) 

^OpOOOO>00)OOCOCMCMCOOO>'^r^O>CJ)0)T-COCOCDCMOOOOCNjCOCDOOT-OOCNOT- 

rtiO^W^J^^W^^^^CvJCMCM’^CO'^'^COCOCO'^Csi'^COCNJCMCOCNJCOCOCOlO'^ 

Power 

Approach 

Airspeed 

(knots) 

^Or^T-0)CO’^CMCMOOIOCOCOCO<OIOOO'r-r-0)COCMT-ir>T-CMCDOOOCO^COCD'^r^ 

Lndg. 

No. 

COO'^COO<OOOOOCDCNj'r-rOlOOinCMOC3)'T-’^OT-0'^CDN-lOOCMOOT-Tj*lOO>'^0> 

cMTf’sr’^mmcDh'N.cocnoooocMcoco^'sj-ioLOCDoooooooT-cNJCNjcocococDr^r^ 

r-T-T-T-T-T-T-T-T-'f-'T-T-T-cgCNJCMCNJCNJCNiCNiCMCMCMCMCNJCMCOCOCOCOrOCOCOCOCOCO 
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Wind 

Perp. 

(knots) 

Wind 

Par. 

(knots) 

Yaw 

Angle 

TD 

(degree) 

in’f-|s^C3)iniooOO>CO'^‘^«^<DO^CN*'^'^5^COOTfJ^COCMinT-^®P'riO’r^ 

Oco5u)U)coapocNi^<?codxr?co<od?6iV'^?cotq>?<o<Ncoh;.cvi?^:>Y9 

Roll 

Angle 

TD 

(degree) 

OcO'^°OinO*^COCO^^CD^^CDcOO^^C350)^®0'^l0^05’*~OCOxfCNj'^CMCO^ 

tr^V9o«No^dv'?o“?f)i‘9dd9‘9o9T9‘?o'ToToo^OT;OT^^ 

Pitch 

Angle 

TD 

(degree) 

lOtocMCO'^oooor^inr^oocoT-CNjioiO’^cqoqocNi'^'^ooi^.  ^lOcoN^oji^cvj'^cqoq 
cOTi-cDr^iocviioiocDiO'^'^iocdcsir^'^^iO'^r^’^iO'^iocDiO'^cDodior^’^ioioco 

Glide 

Slope 

Angle 

TD 

(degree) 

OCOCOCOlOCO'^a>CMTj;lOCOOpC>'r-;CDCDCO'^N;^CNI'^'^Cq<NjCN|iqC35T-;CMT-;Cs|COp 

T-^OOOOOpOT-^OOO^T-T-^OOOOOOT-^OT-O'T^O’r-OOO'T-OOO’r- 

Runway 

Off 

Center 

(ft) 

o  o 
«  o 

ie|g 

(0 

CC  Q 

.fNOM-T“'^OCOCO(oiftrMC^'^f^r:>^®0<DcgO>T-CDO)r^;r-jv5pjrtO^OJCOr;-;5;cO^ 

gCNj^COCOOCOOgS^COgogcOCMT-OOCMO'^OT-g'^gT-T-COOTt'^COS 

Weight 

(lbs) 

137190 

120030 

108700 

126000 

109729 

120000 

118031 

120200 

104065 

121310 

123400 

109292 

126000 

104862 

140830 

104746 

118771 

110000 

92400 

118799 

96200 

135220 

120000 

142600 

103111 

136920 

112989 

132780 

127137 

120779 

122963 

125280 

Sinking  Speed  at 
Touchdown 

II 

COCOCOCNIO)<DCOCOOpppp’^'^pp'S!^ppppp'r-;ppr^pT-;pr^'^pp’^p 

^''r^-f-^'r-^T-^cNidcoiOT-^cviT-^coco'^’dcNicNjT^'T-^csixr^io^r^oiocsicoo^ro'^-^^ 

<0  **=• 

lOOCMOO)OOIOOOCO'^00>CMOOCMOOCOpppp^^N^N;ppCNj'^CMppN;pppr^ 

’<j-''f-^T-^T-^T-^cNidcoiO'r-^cOT-^iocM’iodoicNiT-^*T-^<Nicr>d'^^odd'^cNCNid'«4-dd'r~co 

o  d 
a.  tE 

C\jTf'^’^00’^OCOO>lOlOOlf)h-COCMCOCMC>JpppCN|r^ppCNj''-^pppp'^pCNJp 

^'r-^-r-^^T-^cNidcNixfCNiv^'r^cvicd'^dcNicNir^'r^cNid’t-dcNicoT^r^CNi’^dTfdT-T-*^ 

Closure 

Speed 

(knots) 

TfcO'r-r-coiocsjr^h-cMco^oco'^cDCDincMoco^gjpiocOT-r^oppco^rcoc^gj 

^CO'^CNJCOCO'^CNjCOmiO’^COT-'^lOCOCOlOCMCM'^'^CN'^CDlOtO'^COCDCMlOCO'^CO 

r-^T—  'T-T-T-T-T—  r-T-t—  T-T—  T—  ^T-T-T-^T-T-T—  ^T—  T-T-^T—  T—  T-V-T—r— 

Power 

Approach 

Airspeed 

(knots) 

o(Nir)'*-o)OOcoo)CDoor-.a>coioo)03cO'r-oooo)ocDN-iocMcocMr^o)Oicoc2g)CD 

iO'^'^coco^iococoioiO'^cocNj’^incocoiocMCsjcoiocNj'^coiojoj^io^in^^c2 

Lndg. 

No. 

COOCOO^T-m^CDCDOOCDr^'^^’^lO^COCO'^T-lO'^COOCMCOCN^lOO^r^OOCOG) 

OOOT-CMCMCO^miOCOCOI^r^O)’«-COCO^lOCOh-COO>Or-CNJCMCOCDCDCDCOr^h-COOO 

S^'^^^W^'^^^^^Vr^lOlOloSlX>SininiO<OCDCDCOCOCOCDCOCOCDCOCD<D 
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LANDING  DATA  MODEL  MD-80  AIRCRAFT  (Continued) 
FAA  SURVEY  WASHINGTON  NATIONAL  AIRPORT 


Wind 

Perp. 

(knots) 

Wind 

Pan 

(knots) 

Yaw 

Angie 

TD 

(degree) 

p^cocnj'»“OC>0)^c^^^'*"Oooo>t-°9cnjiOoocm^c^coo>oooo^^^cdt-Pcdco 

<»dd‘9fr«9'??'??57V'7T®?9v‘9'?of^°’7t'9'7«°o'=?9'?°®?fr 

Roii 

Angle 

TD 

(degree) 

9'^^S^'^'^9^9'1^f^'Tc>c)d9od9cNiv«?'^c?d9^c>'^Tc)9f7C)T^ 

Pitch 

Angle 

TD 

(degree) 

o>^ooiopcDc\icor^<Dcococsic\icsjcoLOiOT-ocMO)0>o>ooocsioooioo)r^iniocN 

loodiodr^^odiodcodTfTrdiO'^ooid'^’^ioddcDcocDdxr'^cb'^iricdcDCD 

Glide 

Slope 

Angle 

TD 

(degree) 

Runway 

Off 

Center 

(ft) 

O00Tj-00O'^OCDC\j9^'^'*~'^"^«09^'^®0^C)C0Tj‘O<«-<DC0»n'*-h-CN9^^ 

S,  S 

isit 

0>T:-OQcoin(30h-^^in<NC3>r}-COCMCOO)N.OOCMOOK^ift^'^<DT-rtOt.'^COK^T-CO 

COT-^ggcOCMCO'^COO'^CMCOCMCOr-'^tCNJCMO'r-SScMCOCsiO'^T-gcgCMScOTr 

^T—  T“T—  T-T—^T-T—  ’r-T-“^’r“T“T“^^’^^'*^T-T~V-'T“T—  T-'^'^T-’T— 

Weight 

(lbs) 

106000 

120066 

116153 

110667 

133320 

115716 

115933 

101992 

111330 

118426 

108768 

103617 

101338 

92430 

101338 

112000 

112075 

118947 

98760 

125308 

114000 

123390 

107454 

Sinking  Speed  at 
Touchdown 

pT-^’^pCNjppp’^cMh-N-cMOT-cvjT-mT-ocDcoco’^T-cDincoiocDv-r^CNicoT- 

'r^cocd'^dcNicNicvicNi'srT-^cvicsicNicNicNicadT-^CNididcodT-^'r^rsidcsicDdd'^d'r-' 

<0  ^ 

qpqpT-:pr^poc3)cMocoocoo)<DOcoo>coT-ocDtocNJooTrooh-oocvjcoo 

CNicNj*idcod’r^CNicNicocdcNicNicsicNioi'r-^cviddcNidcDcodT-^T-^'r^dc>jcDd'r-M^d^ 

Q.  § 

qqqqcNjqqTrqq<NCNiq^qqioo)0)<D’^oiO’r-T“OooT“ioiocg'^cMT|-cM 

T-^csiK'^dcocsicNi’T-^'^-r-^cocNicNiT-'cNiT-^dT-^dd^codT-^cNicNidT^ddd’^d'r^ 

Closure 

Speed 

(knots) 

0)CM'^CDOT“h«-OC0'^'^C000C0<00>T“00  05C9O00CDr^in00CDmCNj^C\10)mO0) 
'Sl’CMCMCOlOmCMCOCO^COCM^COTr^COCOCNjCO^^COCO^rCMCSl^CMlO'^^lOIOCO 
^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^ 

Power 

Approach 

Airspeed 

(knots) 

l0CNiC0000)0>OC0r^CD00CDT-0>h«*CMC0CNJOCD’^0)h-0>0>C0O0)^O’f-00r^'^C0 

Lndg. 

No. 

0>•^COO)T^’^<D^nC^^O>OCOT-lOCMCOC35^^CMT-0)COOC^JCO^^-SSS^2fe925r! 

rv.|s.r^is.rs^h^r^|s,oocooocooooooocoooooo>oo)C3^o)0)0)0>a>°2999999 
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APPENDIX  C— LANDING  PARAMETER  SURVEY  DEFINITIONS 


AIRCRAFT  INSTANTANEOUS  GLIDESLOPE  ANGLE  angle  is  determined  just 

prior  to  first  main  wheel  touchdown  and  is  reported  in  degrees.  The  value  of  average  sink  speed 
(Vv^)  and  closure  speed  (Vc)  are  used  to  define  the  instantaneous  glide  slope.  These  values  are 

entered  into  the  equation 


=arctan 


Fey 


NOTE:  A  consistent  set  of  units  (ft/sec)  must  be  used  in  this  equation. 

AIRCRAFT  OFF-CENTER  LINE  DISTANCE  Y  — The  aircraft  off-center  line  distance  is  the 
perpendicul^  distance  measured  between  the  aircraft  center  line  and  the  center  line  of  the 
runway.  This  value  is  calculated  from  image  data  just  prior  to  first  main  wheel  touchdown. 
Positive  values  of  this  quantify  indicate  that  the  aircraft  landed  on  the  port  side  of  the  runway 
center  line  and  is  reported  in  feet. 

AIRCRAFT  PITCH  ANGLE  Op  — The  aircraft  pitch  angle  is  measured  between  the  aircraft 
reference  line  and  a  line  parallel  to  the  runway.  Positive  values  of  pitch  angle  are  reported  for  an 
aircraft  with  a  nose  up  attitude.  Pitch  angle  is  determined  from  image  data  and  is  reported  in 
degrees. 

AIRCRAFT  PITCH  RATE  — ^The  aircraft  pitch  rate  is  calculated  from  image  data.  It  is 

reported  just  prior  to  the  touchdown  of  the  first  main  wheel.  Positive  values  of  this  variable 
indicate  that  the  aircraft  nose  is  pitching  down.  This  rate  is  determined  with  respect  to  the 
runway  and  is  reported  in  degrees  per  second  (deg/sec). 

AIRCRAFT  ROLL  ANGLE  6^  — The  aircraft  roll  angle  measured  between  the  aircraft 
reference  line  and  a  line  parallel  to  the  runway.  Positive  values  of  roll  angle  are  reported  for  an 
aircraft  whose  starboard  wing  is  down.  Roll  angle  is  determined  from  image  data  and  is  reported 
in  degrees. 

AIRCRAFT  ROLL  RATE  6^  — The  aircraft  roll  rate  is  calculated  from  image  data.  It  is 
reported  just  prior  to  the  touchdown  of  the  first  main  wheel.  Positive  values  of  this  variable 
indicate  that  the  aircraft  is  rolling  to  port.  This  rate  is  determined  with  respect  to  the  runway  and 
is  reported  in  degrees  and  is  reported  in  degrees  per  second  (deg/sec). 

AIRCRAFT  YAW  ANGLE  YAWtd — The  yaw  angle  is  the  angle  between  the  aircraft  center  line 
and  the  aircraft  flight  path  at  the  point  of  first  main  wheel  touchdown.  Positive  yaw  angle  is 
defined  to  be  that  orientation  where  a  clockwise  rotation  of  the  flight  path  vector  causes  the 
vector  to  coincide  with  the  aircraft  center  line  using  a  minimum  angular  rotation.  Yaw  angle  is 
determined  from  image  data  and  is  reported  in  degrees. 
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APPROACH  SPEED  Vp’af — The  value  of  approach  speed  reported  is  the  algebraic  sum  of 
closure  speed  and  component  of  wind  speed  parallel  to  the  runway  center  line.  The  value  of 
approach  speed  is  the  aircraft  forward  velocity  with  respect  to  the  air  mass  and  is  reported  in 
knots. 

CLOSURE  SPEED  Vc  — ^The  closure  speed  is  the  speed  determined  by  the  change  in  the 
aircraft’s  range  from  the  camera.  It  is  reported  parallel  to  the  runway  center  line.  Closure  speed 
is  reported  with  respect  to  the  ground  and  is  reported  in  knots.  Closure  speed  is  calculated  from 
image  measurements. 

DISTANCE  FROM  RUNWAY  THRESHOLD  TO  FIRST  MAIN  WHEEL  TOUCHDOWN  Xw 
— The  distance  between  the  runway  threshold  and  the  point  of  first  main  wheel  touchdown  is 
determined  from  image  data  and  is  reported  in  feet. 

LANDING  WEIGHT  W — The  landing  weight  reported  in  the  survey  is  an  estimate  provided  by 
the  aircraft  operators.  The  value  of  this  quantity  is  reported  in  pounds 

SINK  SPEED  Vv — The  sink  speed  of  the  aircraft  landing  gear  wheel  just  prior  to  touchdown. 
Sink  speed  is  reported  for  each  landing  gear  individually;  that  is  for  the  port,  starboard,  and  nose 
wheels  just  prior  to  individual  deck  contact.  In  addition  the  average  sink  speed  of  the  aircraft 
tnain  landing  gear  is  calculated  just  prior  to  touchdown  of  the  first  main  landing  gear  wheel. 
Sink  speed  is  determined  from  image  data.  The  symbols  used  to  identify  aircraft  sink  speed  are 
as  follows: 


Vv^  -  average  sink  speed 

Vy^  -  sink  speed  of  the  starboard  main  wheel 

Vvp  -  sink  speed  of  the  port  main  wheel 


The  values  of  aircraft  sink  speed  are  reported  in  feet  per  second  (ft/sec) 


WIND  SPEED  Vw  — Wind  Speed  is  the  wind  velocity  measured  by  the  survey  team’s 
instrumentation.  A  head  wind  is  defined  as  the  positive  direction  for  the  parallel  component  of 
wind  speed.  The  perpendicular  component  of  wind  speed,  the  cross  wind,  is  also  reported.  Wind 
speed  is  reported  in  knots. 


LIST  OF  SUBSCRIPTS 


P  -  Port  N 

S  -  Starboard  ^ 

N  -  Nose  wheel  P 

A  -  Average  S 

r  -  Roll 

p  -  Pitch 


STATISTICAL  SYMBOLS 

Number  of  observations  (data  points) 
Mean  value  of  a  parameter 
Probability 

Standard  deviation  of  sample  distribution 


C-2 


